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WHILE it is true that modern war, the 
organized killing of our fellowmen and 
wholesale destruction of the products of 
human toil, can be waged most efficiently 
by men between the ages of 18 to 35, the 
industrial needs of this war have already 
demonstrated anew several important 
facts about the older industrial worker, 
facts well known, but forgotten or 
ignored in the plethora of peace-time 
manpower, and in the fog of a social 
philosophy according to which a life of 
leisure is heaven, and society must feed, 
clothe, and house all idle chicks whether 
or not these chicks can seratch. These 
facts are: 

(1) The physiologie age of the worker 
is not synonymous with his chronologic 
age, owing to the individual variables in 
heredity, mode of living, accidents, and 
sequelae of disease. 

(2) While most workers past fifty or 
sixty years of age have somewhat less 
physical strength and physical endur- 
ance, as well as some impairment of hear- 
ing and vision, these decreasing abilities 
may be compensated for in many forms 
of labor by the greater skill and experi- 
ence and the decrease in youthful dissi- 
pation. 

(3) By keeping in idleness older work- 
ers who ean still perform useful labor 
we are not only wasting valuable human 
resources, but we are contributing to 
biologic parasitism in and degeneration 


of human society. For man is no excep- 
tion to the biological law that existence 
without effort, without struggle, impairs 
the species. 

(4) By foreed idleness of the increas- 
ing army of older workers in our midst 
we are forging a dangerously weak link 
in that large fraction of society, whose 
experience, wisdom and relative unself- 
ishness could guide those with less ex- 


perience and wisdom. For when a 
person is shunted out of the dynamic 
current of life, courage and incentive 


are at low tide. 

(5) One element in the philosophy of 
organized or union labor, namely, equal 
hourly wage for all workers in each spe- 
cial trade, must share part of the blame 
for the past practice of disearding the 
older worker by the management of in- 
dustry. Even though all workers are not 
equal in skill and efficieney, and in spite 
of the fact that the practice of organized 
labor tends to gear the rate of all workers 
to the slowest in the group, there comes 
a day when the older worker, in many 
given tasks can not keep pace even with 
the slowest and least efficient younger 
comrades. Economic management calls 
for dismissal of the older worker at that 
point. If wage in proportion to per- 
formance permitted, the older 
worker could taper off in industry, just 
as the young apprentice works himself 
gradually up in skill, performance, and 


was 
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remuneration. From my knowledge of 
human nature another destructive effect 
on morale, efficiency, and joy of living 
results from the practice of gearing the 
most efficient to the rate of performance 
of the least efficient. On that plan the 
ablest worker will seldom, if ever, ex- 
perience the joy of performance accord- 
ing to his superior ability, nor the 
growth in skill commensurate with his 
ability. This is not only a waste of pre- 
cious human resources, but tends to make 
lives humdrum, lives that could be en- 
riched by the daily challenge and joy of 
more and better performance. For the 
ablest worker to be geared to mediocrity, 
to do less than his best, is bad psychology 
for the ablest people, and is, so far as [| 
can see, of little or no aid to the less able 
fellow citizen or to society. I speak not 
without experience. I was a farm hand, 
and a labor union carpenter before I 
became a college student, and an investi- 
gator and a teacher in the medical 
sciences. 

Under more primitive and _ biologic 
conditions of human life, as in life on 
the farm and in agriculture in general, 
work and responsibility of children and 
youth have their normal biologie upward 
curve, as is the ease among all wild ani- 
mals who have to serateh for their liv- 
ing. Under similar conditions of life, as 
on the farm, men and women past fifty, 
sixty or seventy years also find their 
niche of productive work, happy in the 
knowledge that they still have a part in 
the stream of life. Biologically, man 
grows in understanding and _ physical 
and mental efficiency from birth up to 
twenty-three or thirty years of age, when 
there is a plateau of efficiency for some 
twenty years, health being present. 
Then the reversal of the youth curve 
sets in, the gradual impairment of the 
physical, and considerably later even of 
memory and of mental efficiency. A 
civilization, a social or an economie sys- 


tem, that discards men and women of 
fifty or sixty as no longer a link in the 
chain of human labor, as no longer pro- 
ductive physically and mentally, I say 
such a civilization, such social and eco- 
nomic systems, are thoroughly unbiolo- 
gic, thoroughly wasteful and thoroughly 
cruel and inhuman to our fellowmen at 
the later decades of life. A man or a 
woman in modern industry, trained to 
do, and for twenty or thirty years hav- 
ing done only one such small thing as 
fitting a screw on a certain size nut for 
eight hours a day, may not be able to 
perform that mechanical feat at the suffi- 
cient rate when past fifty or sixty. But 
it is a terrible reflection on our educa- 
tion if such men and women ean not 
do something else of value to society 
and to themselves. And it is certainly 
no indication of intelligent planning on 
the part of society if opportunities for 
such work are not afforded. In fact, 
tasks for which men and women past 
fifty, sixty and seventy are thoroughly 
capable lie all around us like mountains, 
but we do not see them. Social security 
for our aging population is all right in 
prineiple, but it should take the form of 
labor for which these people are capable 
and not the form of pay for doing noth- 
ing. 

In industrial tasks calling for maxi- 
mum performance of the entire machin- 
ery of the human body, the older worker 
by and large will be increasingly handi- 
capped by the sequelae of accidents and 
disease, despite all efforts of accident 
prevention, and the growing knowledge 
and skill in medicine. Apart from, and 
in addition to these factors, what are 
the inevitable and unavoidable aging 
changes of man rendering him less fit, if 
not unfit to Jabor? When and how 
speedily do these aging changes come on 
in the individual? Do these aging 
changes or impairments constitute a bar 
from all useful labor? Can industry be 
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organized so as to make fair and ade- 
quate use of men and women handi- 
capped by age alone? Is there no alter- 
native to the relegation of men and 
women past fifty, sixty, or seventy years 
of age to the secrap-heap of idleness and 
the dole, to parasitism, and charity? All 
age changes come on gradually. Those 
body changes with age involving the 
streneth and endurance of the skeletal 
neuromuscular mechanism, and with the 
senses of hearing and vision are probably 
the most significant for the industrial 
worker, but it must also be kept in mind 
that these systems are all dependent on 
a good diet, a good gut, good blood, good 
kidneys, and good lungs. The human 
body isa machine. Any weak link tends 
to impair all the other links. Some age 
impairments appear as early as the third 
decade. If all industrial labor were 
physically as exacting as prize fighting, 
marathon running, or professional foot- 
ball, nearly all workers would be retired 
at thirty-five years of age. 

Progressive age changes not as yet 
shown to be due to specific diseases are: 
eradual tissue desiccation; gradual re- 
tardation of cell division, eapacity of cell 
erowth and tissue repair; gradual retar- 
dation in the rate of tissue oxidation 
(lowering of the B.M.R.); cellular 
atrophy, degeneration, increased cell pig- 
mentation and fatty infiltration ; gradual 
decrease in tissue elasticity and degen- 
erative changes in the elastie connective 
tissue ; decreased speed, strength and en- 
durance of skeletal neuromuscular reac- 
tions; decreased strength of skeletal 
muscle; progressive degeneration and 
atrophy of the nervous system, impaired 
vision, hearing, attention, memory and 


mental endurance. 

The Neuroskeletal System. The grad- 
ual slowing and weakening of reflexes 
and general body activity in the aging 
mammal is so obvious as to be well known 
both to physicians and laymen. De- 


os 


creased functional capacity, both in the 
nervous tissues and the skeletal museular 
tissue, seems to be at the base of this 
gradual decline. Actual atrophy of the 
Purkinje cells of the cerebellum has been 
deseribed in the aged and, since this 
part of the nervous system is seriously 
concerned with skeletal muscle tone and 
coordination of skeletal muscle contrac- 
tions, it may be a factor in the growing 
muscular weakness of old people, irre- 
spective of the cause or causes of this 
atrophy in the cerebellum. 

As regards the cerebrum of aged 
people, general atrophy has been de- 
scribed especially in the frontal and oecip- 
ital lobes, and actual disappearance of 
cells in some of the layers of the cerebral 
cortex, as well as pigmentation and fat 
infiltration of the nerve cells and actual 
hyperplasia of the neuroglia cells. Simi- 
lar degenerative changes with age occur 
in the spinal cord; that is, atrophic pig- 
mentation, actual loss of cells and degen- 
eration of the axones of many ventral 
horn cells. In the case of the brain, 
thickening of the meninges occurs with 
advaneing age, but it is difficult to see 
how this in any way should interfere 
with nervous action or nervous function. 

Recent investigations appear to dem- 
onstrate a very gradual but significant 
decrease in the myelinated fibers of the 
dorsal nerve roots with advancing age. 
This must be secondary to an atrophy 
and death of spinal ganglion eells and 
is probably the basis of the reduction in 
cutaneous and protopathie sensibility of 
aged people. The sense of pain seems 
to be the least affected by aging. In 
view of such evidence of atrophie and 
degenerative changes in the central and 
peripheral nervous system, irrespective 
of the primary cause or causes of these 
changes, it is not surprising that neuro- 
muscular weakness, slowing of the reac- 
tion time, decreased capacity to learn, 
ete., are part and parcel of the physiol- 
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aging. The speed of learning 
seems indeed to decrease gradually in 
man from the fourth decade on. But 
this handicap of the aged is on the whole 
more than made up for in some indi- 
viduals by their greater speed of corre- 
lation and evaluation of the new experi- 
ence. 

There is very little evidence of aging 
changes in smooth muscle, which seems 
on the whole to retain its normal histo- 
logie character into advanced old age. 
The diminished tone in smooth muscle, 
as may be seen in the blood vessels in 
the gut and the smooth muscles of the 
skin and other structures in old people, 
may be secondary to the impairment in 
the nervous system, indicated above. 
But not all the impairment of body 
motility with age ean be ascribed to de- 
generative changes in the nervous system 
itself, because the striated skeletal muscle 
system shows fatty infiltration and 
brown atrophy with advancing age. The 
strength of the biceps at the sixth decade 
of life is only about fifty per cent. of that 
at the age of twenty-five to thirty. The 
trunk muscles decline in power some- 
what slower. However, the recent inves- 
tigation by Kubo (1938) reports little 
evidence of decrease in muscle strength 
and endurance in people that would or- 
dinarily be called old, that is, people 
seventy to ninety years of age. This is 
just another illustration of the indi- 
vidual variations in the chronologic age 
appearance of the aging 
There is some increase in connective tis- 
sue and elastic fibers in the skeletal 
muscle of old people and there is clear 
evidence of desiccation, that is, decrease 
in intracellular fluid. But in this re- 
spect the skeletal muscle of the aged falls 
in line with all the other tissues of the 
body. 

Vision and Hearing. Because of the 
accessibility of the organs themselves and 
the availability of quantitative tests of 


ogy of 


processes. 


functions, we have more accurate infor- 
mation regarding the aging changes in 
the physiology of the eye and the physi- 
ology of the ear than in most of the other 
systems of the human body. In the ease 
of vision, there is a gradual decrease in 
visual acuity (central vision), a gradual 
narrowing of the visual field, as well as 
a slowing of the dark adaptation (pe- 
ripheral vision), and a gradually higher 
threshold for light stimulation for man 
past the fourth decade. The narrowing 
of the visual field is probably due to the 
actual degeneration of the nerve cells 
(cones), starting in the periphery of the 
retina. We are not yet in a position to 
say whether these visual impairments 
occur independent of, or are secondary 
to, impaired retinal circulation. It is 
equally well known that the incidence of 
cataract increases with aging, irrespec- 
tive of whether or not the tendency t 
cataract formation is hereditary. Ar- 
terial sclerosis would undoubtedly accel- 
erate any such hereditary weakness, and 
so would certain faulty diets and certain 
endocrine and other metabolie disorders. 
The gradual decrease of the elasticity of 
the lens is another well-known and accu- 
rately measured phenomenon of aging 
man, with the exception that diminution 
in lens elasticity actually starts in child- 
hood and practically all lens elasticity is 
lost before sixty years of age. The lens 
continues to grow at the periphery (ver- 
tex), and thus approaches closer and 
closer to the cornea with advancing 
years. At the same time, the material 
at the center of the lens becomes more 
dense. Both of these factors, and the 
lens swelling from increased water con- 
tent, are responsible for the well-known 
phenomenon of so-called ‘‘second sight’’ 
of people sixty years of age and beyond. 
This lens change tends to counteract the 
presbyopia, or impairment of accommo- 
dation, due to the loss of lens elasticity. 
Other age changes that may contribute 
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to the gradual impairment of vision with 
age are diminished translucency of the 
cornea and of the vitreous humor. It 
need not be pointed out that the retina, 
being actually a lobe of the brain, is 
necessarily as seriously impaired by local 
vascular pathology as is any other part 
of the brain. However, because of the 
accessibility of the retinal vessels to 
direct inspection, we have _ probably 
earlier factual information regarding 
such pathology in the retina than we 
have in most of the other deep organs of 
the body. 

Hearing. From the age of about 
twenty on, there is a gradual loss of 
acuity to all tones, but the loss of sen- 
sitivity is greater to the high tones. 
This deterioration of hearing is some- 
what greater in the male, but the degree 
of retrogression is not predictable in 
chronologic age, as some people at eighty 
have no greater auditory impairment 
than other normal people at fifty. This 
impairment of auditory acuity is present 
even when tested by bone conduction. 
The cause for this decline in auditory 
acuity appears to be a gradual but dis- 
tinct atrophy of the nerve cells in the 
basal coil of the cochlea. But anemia, 
due to incipient arterial sclerosis, may 
also be a factor, since in experimental 
anoxia the perception of the high tones 
goes out first. 

In the light of all these facts, one 
would expect that intellectual capacity 
should decline parallel with neuromuscu- 
lar strength and endurance. According 
to all existing evidence, this is not the 
case. This exception is probably due to 
the significant role of experience, espe- 
cially in the case of complex intellectual 
problems. 

The diet of the older worker. While 
we do not know what may be the opti- 
mum diet for optimum efficiency for any 
age, we do know enough to say with cer- 
tainty that the older worker will keep 


most fit by eating enough good food to 
avoid underweight, and avoid eating so 
much food that he or she becomes obese. 
Life insurance statistics show clearly 
that marked underweight, as well as 
marked obesity, shorten the life span. 
Common experience demonstrates that 
both impair physical endurance and per- 
formance. It is not difficult to under- 
stand why ingestion of food to the point 
of obesity is injurious to people with 
reduced factors of safety in the matter 
of insulin, pancreas, sugar and fat meta- 
bolism. Such dietary excesses damage 
by overwork already impaired mecha- 
nisms. But in the absence of diabetes, 
actual or incipient, why does obesity, 
maintained for years, initiate or aggra- 
vate cardiovascular, renal, and other dis- 
orders that shorten the hfe span? While 
the answer to these questions is being 
sought by experiments and accurate ob- 
servation on mice and men, prevention 
of obesity in all workers past thirty ap- 
pears to be a prophylactic imperative, a 
must. 

From time to time financially fortu- 
nate and humane fellow citizens provide 
funds for ’ I hope 
that some financially fortunate, humane, 
and farsighted fellow citizens will soon 
provide the National Research Council 
with a fund of $1,000,000 to be used 
towards learning what is the optimum 
diet for old people: old workers in indus- 
try, as well as those in old peoples homes. 
It should be quite clear to all informed 
people that normal aging strikes no man 
with suddenness of an acute disease. We 
are not worth 100 per cent., industrially, 
today, and worth zero tomorrow on our 
sixty-fifth or seventieth birthday. We 
crow old and inefficient, just as we grow 
up and efficient, over the years. We 
have discovered that useful work ean be 
performed by people with disabilities 


‘“old peoples homes.’ 


more serious than those of normal aging, 
such as the blind, the deaf, the mute, 
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people minus a hand, an arm, a leg, or 
both legs. We readily admit that useful 
work suitable to the gradually aging 
worker is less readily provided in indus- 
try than on the farm. But it can be done, 
it has been done, it is being done even in 
industry. Such an experiment by the 
Dodge Division of the General Motors 
Corporation in Detroit is described in 
some detail in Forbes’ Magazine for 
November, 1942 by Don Wharton. This 
experiment seems more significant as it 
was well under way (1934) before the 
present war, and hence, not carried 
financially by the present billions of 
federal war appropriations. The ninety- 
nine workers in the ‘‘Old Man’s Divi- 
sion’’ of the Dodge plant average sixty- 
six vears in age and some of them are 
past eighty. In the farflung Ford indus- 
tries a more extensive and commendable 
employment of people handicapped by 
age, and by the sequelae of disease and 
accidents, appears to be an established 
and a feasible practice (Saturday Eve- 
ning Post, Feb. 6, p. 16, 1948). Says 
Edsel Ford: ‘‘No man is hopeless or 
helpless as long as he has the will to do 
and his fellow men will give him a help- 
ing hand. Courage is not a matter of age 
or physical conditions.’’ But the fact 
that all of these workers receive the same 
pay (93 cents an hour) makes me think 
that the department is not run on a strict 
economic basis, that the excess costs, if 
any, are charged against all the workers 
in that industry, or added in the price 
of the produet, a practice not uncommon, 
and possibly justified in the better 
morale of the older worker. The general 
formula relating work to remuneration 
seems simple: 

A. The younger worker: Physical 
streneth and endurance growing, but not 
at adult par; skill and experience grow- 
ing, but not at adult par—less than adult 
performance and pay. 

B. The adult worker: Strength and 
enduranee at maximum; experience and 


skill near or at maximum—maximum 
performance and pay. 

C. The older worker: Physical strength 
and endurance receding, experience and 
skill at par—generally less than adult 
performance and therefore less pay. 

[ never could understand, I do not 
now understand, how industry as such 
can practice charity. Monies so devoted 
must, by necessity be deducted from 
wages, salaries and dividends to stock- 
holders, or else the cost added to the cost 
of the produet, in which ease the charity 
is given, to be sure, without their knowl- 
edge by the consumers of the industry’s 
product. Some day man may achieve 
sufficient stoicism to with 
nimity the fact that charity and doles 
are for the children and the sick, not 
for the aged, unless incapacitated by age. 

If what I so far said squares with 
facts, reason, and wisdom, as well as with 
our conception of justice, we might ex- 
pect educational institutions to be ahead 
of industry in the elimination of waste 
But this is not so. 


face equa- 


of the older workers. 
In general, there is full salary and duties 
of college and university men up to sixty- 
five and seventy, and then abrupt unem- 
ployment, on assumed total ineapacity. 
Two factors are probably mainly respon- 
sible for this waste: (1) the younger gen- 
eration ina hurry, and (2) the older gen- 
eration so ignorant of biology that it ean 
not see the justice of reduced pay for 
reduced capacity and performanee. One 
of our large state universities recently 
recalled as dean of its graduate school 
a man now seventy-seven, whom the same 
from that position 
It is not probable 


university retired 
nearly ten years ago. 
that this university dean is to-day more 
capable than he was ten years ago. It 
seems more probable that this university 
wasted a valuable human resource for 
ten years. 

Aeceording to the United States Cen- 
sus, the number of people past sixty-five 
years of age in our population has in- 
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ereased during the last ninety years 
from 2.6 per cent. to 6.8 per cent. If 
this trend continues, and I think this is 
assured by more of science and the bet- 
ter art in medicine, fifty years hence 
about fifteen out of every hundred peo- 
ple will be over sixty-five years old. | 
think we ean add that, by and large, this 
army of older people fifty years hence 
will be even better qualified for useful 
work than are the people of the same 
ave to-day. Thanks to more science and 
better art in to-day’s medicine our larger 
aged army of 1940 is less decrepit than 
was our smaller army of sixty-five-year- 
olds a hundred years ago. It is sheer 
waste, bad biology, and gross injustice 
all around to feed, house, and clothe this 
army of idleness. Old age pension is not 
the answer. The dole is not the answer. 
The only answer is useful work for pay, 
plus sickness and accident insurance. 
When aging has rendered us ineapaci- 
tated for useful work, we are truly sick, 
and sickness insurance should meet our 
needs. I think I am discussing impor- 
tant principles, not arguing about names, 
not fighting windmills. Still, it must be 
admitted that at sixty-eight some people 
fail to recognize their own delusions. I 
think that useful work is a privilege and 
a blessing, not a eurse. It is also a bio- 
logie and social duty as long as we can 
3ecause the probability of less 


carry on. 
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elastic arteries and less cardiac reserves, 
not to mention less strength in the skele- 
tal muscles, the worker past sixty should, 
as a rule, not be put at tasks calling for 
the physical power that a worker, age 
twenty to forty, may deliver with safety. 
Moderation in all things, and a thorough 
medical check up twice a year will aid us 
in keeping fit to carry on. There is the 
prevailing view that quitting useful work 
before the infirmities of old age and spe- 
cific disease compel it, hastens the age 
decline and brings on death sooner. It 
is difficult to check this view by adequate 
controls. So far as I know, this view is 
based on conspicuous instances, forget- 
ting the exceptions. But to the extent 
that idleness decreases the zest of living, 
and unhappiness and depressing mental 
states actually impair some of our body 
machinery, it may be true; especially if 
the pleasure from good food is still 
strong, for in that case injurious over- 
eating is likely to become the rule. I 
dream of a to-morrow when our millions 
of men and women, well past the chrono- 
logic three seore will say, with Albert J. 
McCray, age seventy-one, now running 
a drill press at a Douglas Aircraft plant, 
‘‘T’d rather have a job than a pension 
any time’’ (Time, Dee. 14, 1942) for that 
spirit helps to keep the older worker 
young, and aids in making America 


stronger. 








ARTIFICIAL RADIOACTIVITY AND THE 
COMPLETION OF THE PERIODIC 
SYSTEM OF THE ELEMENTS 


By Dr. E. SEGRE 


DEPARTMENT OF PHYSICS, RADIATION LABORATORY, UNIVERSITY OF CALIFORNIA, BERKELEY 


that fundamental 
made in of the 
physical sciences, it has almost imme- 
diately brought fruits in neighboring 
fields, revealing that close interdepen- 
dence between various branches of the 
which one their most 
characteristic features, even in times of 
ever-increasing specialization. 

The interaction between physies and 
chemistry has always been particularly 


time 
has been 


EVERY 
advance 


some 


one 


sciences is of 


strong, and one of the forms it has taken 
is that of new chemical discoveries being 
brought forward by the application of 
some newly developed physical method 
of investigation to chemical problems. 
Thus, we may consider the most funda- 
mental and elassical problem, that of 
knowing all the elements. The history of 
this quest is a most fascinating one and 
in the early days of scientific chemistry 
could almost be identified with the his- 
tory of chemistry itself. 

When the impetus of the newly de- 
veloped scientific analytical chemistry 
had spent itself around the middle 
of the nineteenth century, about sixty 
elements had been discovered and most 
of the minerals offered by nature had 
gone through the mills of chemical analy- 
At the same time the genius of Men- 
deleef (1869) was laying the foundation 
for a systematic interpretation of the dis- 
coveries made and gave hints as to the 
directions in which the search could be 
prosecuted. However, it was clear that 
the missing elements must be either very 
rare in nature or, for some reason, very 
difficult to isolate (rare earths), so that 

1 See e.g., M. Weeks, ‘‘The Discovery of the 
Elements. ’’ 


Sis. 


new and more powerful tools were neces- 
sary to make substantial progress. It 
happened that in 1860 this tool was most 
luckily found by Bunsen and Kirchoff in 
the application to chemical problems of 
the newly developed spectroscope; and 
the fruits were copious and immediate 
(discovery of rubidium and cesium first, 
later many other elements). The spec- 
troscope became a most useful tool for 
the further progress of the knowledge of 
the elements, allowing us to find them 
even on the sun, when no terrestrial 
sources were known (Helium, Lockyer 
However, after a while even the optical 
spectroscope had exhausted its almost 
miraculous powers and the utmost refine- 
ments of old and well-known techniques 
had reached their limits, after the dis- 
covery of the noble gases and the partial 
unraveling of the complex of the rare 
earths. But Mendeleef’s table showed 
merciless white spaces still to be filled by 
the scientist’s ingenuity. Certainly if it 
had been known how rare are elements 
like polonium on the earth’s crust, the 
quest would have been given up as hope- 
less. 

It was the investigation of a strange 
physical phenomenon that, around the 
turn of the century, gave the most sensi- 
tive analytical method known to date, 
and at the same time started the greatest 
revolution in the foundations of chem- 
istry sinee the time of Lavoisier, Dalton 
and Avogadro. of the ‘‘eternal 
and immutable atoms’’ of classical echem- 
istry were shown to undergo spontaneous 
transformations, uncontrollable by man 
and dominated by the law of chance. By 
catching them in the intermediate states 
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of their evolution, first the Curies, and 
later Rutherford, Soddy, Hahn and 
others, were able to add to the known ones 
many other chemical species, the most not- 
able being radium and polonium. Their 
ultrasensitive methods are, however, able 
to reveal only ‘‘living’’ atoms, or, more 
scientifically, umstable atoms, because 
they are based upon the detection of the 
radiations given out by the atoms at the 
moment of transformation. Unstable 
atoms with minor exceptions are found 
in nature only among the heaviest, most 
complex atoms and hence the discoveries 
made with the help of natural radio- 
activity were only of elements heavier 
than lead. 

The laws of radioactive decay assign 
to each atom of a given kind a constant, 
finite probability of exploding in a given 
time interval (decay constant). This 
probability may be very small as in 
uranium (5x 10-8 per second), or very 
high as in UX, (1.0x 10° per second). 
The reciprocal of the decay constant is 
called mean life. However, if a sub- 
stance B originates through any number 
of transformations from a substance A 
having a smaller decay constant, after 
having waited a sufficient length of time, 
a situation arises in which, in a mixture 
of the two, the number of A atoms ex- 
ploding per unit time is equal to that of 
the B atoms exploding per unit time. 
Such a condition is called radioactive 
equilibrium. The number of explosions 
in A and B per unit time, if the two sub- 
stances are in radioactive equilibrium, is 
the same, but the numbers of atoms of 
A and B present may be tremendously 
different: as a matter of fact, the ratio 
of the numbers of A atoms to B atoms 
is equal to the reciprocal of the ratio of 
the decay constants. It is easy to caleu- 
late, for example, that for one gram of 
uranium we have in radioactive equilib- 
rium with it 5.0x10-** gram of UX,. This 
amount is extremely minute, but if we 
use for detecting the substance a device 
that counts not the atoms, but the ez- 


ploding atoms, 5 x 10°*® gram of UX, will 
be just as easy to detect as one gram of 
uranium. From these considerations it 
follows that the radioactive methods may 
have a tremendous sensitivity compared 
with any other one, provided the sub- 
stance to be investigated has a large 
deeay constant. 

It is also clear that a short-lived sub- 
stance may be present in nature only if 
it is in radioactive equilibrium with one 
that has a very long life; so that a large 
fraction of the latter’s atoms, present 
at the formation of the earth, has had 
the possibility of surviving. This means 
that the smallest mean life admissible is 
in the order of 10° years. Shorter lived 
substances, if not in equilibrium with a 
long-life parent substance, have practi- 
cally disappeared. The ordinary stable 
elements are the final fossils of all these 
atomie evolutionary They 
were apparently dead forever until man 
found, a few years ago, a new way of 
resuscitating them and starting some 


processes. 


new transformations in them, certainly 
less rich than the natural ones, but never- 
theless of great scientific interest. 
Natural radioactivity thus helped to 
fill the gaps in the periodic system among 
the heaviest elements, but some of the 
blanks shown by Mendeleet’s table were 
among the light elements; 


b J 


and besides 
these, there was a region of the periodic 
table, that of the rare earths, where even 
that most powerful heuristic tool could 
not make unequivoeal predictions even 
about the number of missing elements. 
Again a new fundamental discovery in 
physics gave the key to the enigma. In 
1912, Moseley, using the newly discovered 
x-ray spectroscope, found a regularity 
in the x-ray spectra of the elements 
which allowed him to read the atomic 
number, or the ordinal number of the 
element in the periodic system, directly 
from the spectrum. It was then easy to 
find out which elements were still missing. 
The empty places had the numbers 43, 61, 


72, 75, 85, 87 and 91. These numbers are 








ARTIFICIAL RADIOACTIVITY AND THE 
COMPLETION OF THE PERIODIC 
SYSTEM OF THE ELEMENTS 


By Dr. E. SEGRE 
DEPARTMENT OF PHYSICS, RADIATION LABORATORY, UNIVERSITY OF CALIFORNIA, BERKELEY 


Every time that some fundamental 
advance has been made in one of the 
physical sciences, it has almost imme- 
diately brought fruits in neighboring 
fields, revealing that close interdepen- 
dence between various branches of the 
which of their most 
characteristic features, even in times of 
ever-increasing specialization. 

The interaction between physies and 
chemistry has always been particularly 


sciences is one 


strong, and one of the forms it has taken 
is that of new chemical discoveries being 
brought forward by the application of 
some newly developed physical method 
of investigation to chemical problems. 
Thus, we may consider the most funda- 
mental and elassical problem, that of 
knowing all the elements. The history of 
this quest is a most fascinating one and 
in the early days of scientific chemistry 
could almost be identified with the his- 
tory of chemistry itself." 

When the impetus of the newly de- 
veloped scientific analytical chemistry 
had spent itself around the middle 
of the nineteenth century, about sixty 
elements had been discovered and most 
of the minerals offered by nature had 
gone through the mills of chemical analy- 
At the same time the genius of Men- 
deleef (1869) was laying the foundation 
for a systematic interpretation of the dis- 
coveries made and gave hints as to the 
directions in which the search could be 
prosecuted. However, it was clear that 
the missing elements must be either very 
rare in nature or, for some reason, very 
difficult to isolate (rare earths), so that 

1See e.g., M. Weeks, ‘‘The Discovery of the 
Elements. ’’ 


SIS. 


new and more powerful tools were neces- 
sary to make substantial progress. It 
happened that in 1860 this tool was most 
luckily found by Bunsen and Kirchoff in 
the application to chemical problems of 
the newly developed spectroscope; and 
the fruits were copious and immediate 
(discovery of rubidium and cesium first, 
later many other elements). The spec- 
troscope became a most useful tool for 
the further progress of the knowledge of 
the elements, allowing us to find them 
even on the sun, when no terrestrial 
sources were known (Helium, Lockyer 
However, after a while even the optical 
spectroscope had exhausted its almost 
miraculous powers and the utmost refine- 
ments of old and well-known techniques 
had reached their limits, after the dis- 
covery of the noble gases and the partial 
unraveling of the complex of the rare 
earths. But Mendeleef’s table showed 
merciless white spaces still to be filled by 
the scientist’s ingenuity. Certainly if it 
had been known how rare are elements 
like polonium on the earth’s crust, the 
quest would have been given up as hope- 
less. 

It was the investigation of a strange 
physical phenomenon that, around the 
turn of the century, gave the most sensi- 
tive analytical method known to date, 
and at the same time started the greatest 
revolution in the foundations of chem- 
istry since the time of Lavoisier, Dalton 
and Avogadro. of the ‘‘eternal 
and immutable atoms’’ of classical chem- 
istry were shown to undergo spontaneous 
transformations, uncontrollable by man 
and dominated by the law of chance. By 
catching them in the intermediate states 
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of their evolution, first the Curies, and 
later Rutherford, Soddy, Hahn and 
others, were able to add to the known ones 
many other chemical species, the most not- 
able being radium and polonium. Their 
yitrasensitive methods are, however, able 
to reveal only ‘‘living’’ atoms, or, more 
scientifically, unstable atoms, because 
they are based upon the detection of the 
radiations given out by the atoms at the 
moment of transformation. Unstable 
atoms with minor exceptions are found 
in nature only among the heaviest, most 
complex atoms and hence the discoveries 
made with the help of natural radio- 
activity were only of elements heavier 
than lead. 

The laws of radioactive decay assign 
to each atom of a given kind a constant, 
finite probability of exploding in a given 
time interval (decay constant). This 
probability may be very small as in 
uranium (5x 10-'® per second), or very 
high as in UX, (1.0x10-? per second). 
The reciprocal of the decay constant is 
called mean life. However, if a sub- 
stance B originates through any number 
of transformations from a substance A 
having a smaller decay constant, after 
having waited a sufficient length of time, 
a situation arises in which, in a mixture 
of the two, the number of A atoms ex- 
ploding per unit time is equal to that of 
the B atoms exploding per unit time. 
Such a condition is called radioactive 
equilibrium. The number of explosions 
in A and B per unit time, if the two sub- 
stances are in radioactive equilibrium, is 
the same, but the numbers of atoms of 
\ and B present may be tremendously 
different: as a matter of fact, the ratio 
of the numbers of A atoms to B atoms 
is equal to the reciprocal of the ratio of 
the deeay constants. It is easy to caleu- 


late, for example, that for one gram of 
uranium we have in radioactive equilib- 
rium with it 5.0x10-"* gram of UX,. This 
amount is extremely minute, but if we 
use for detecting the substance a device 
that counts not the atoms, but the ez- 


ploding atoms, 5 x 10°*® gram of UX, will 
be just as easy to detect as one gram of 
uranium. From these considerations it 
follows that the radioactive methods may 
have a tremendous sensitivity compared 
with any other one, provided the sub- 
stance to be investigated has a large 
decay constant. 

It is also clear that a short-lived sub- 
stance may be present in nature only if 
it is in radioactive equilibrium with one 
that has a very long life; so that a large 
fraction of the latter’s atoms, present 
at the formation of the earth, has had 
the possibility of surviving. 
that the smallest mean life admissible is 
in the order of 10° years. Shorter lived 
substanees, if not in equilibrium with a 
long-life parent substance, have practi- 
cally disappeared. The ordinary stable 
elements are the final fossils of all these 
atomic evolutionary They 
were apparently dead forever until man 
found, a few years ago, a new way of 
resuscitating them and starting some 
new transformations in them, certainly 
less rich than the natural ones, but never- 
theless of great scientific interest. 

Natural radioactivity thus helped to 
fill the gaps in the periodie system among 
the heaviest elements, but some of the 
blanks shown by Mendeleet’s table were 
among the light elements; and besides 


This means 


pre cesses, 


these, there was a region of the periodic 
table, that of the rare earths, where even 
that most powerful heuristic tool couid 
not make unequivocal predictions even 
about the number of missing elements. 
Again a new fundamental discovery in 
physies gave the key to the enigma. In 
1912, Moseley, using the newly discovered 
X-ray spectroscope, found a regularity 
in the x-ray spectra of the elements 
which allowed him to read the atomic 
number, or the ordinal number of the 
element in the periodic system, directly 
from the spectrum. It was then easy to 
find out which elements were still missing. 
The empty places had the numbers 43, 61, 


72, 75, 85, 87 and 91. These numbers are 
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, 


simply the positive charge of the ‘‘sun’ 
in the planetary atom, assuming as unit 
charge the charge of the electron, and 
each completely determines the chemical 
properties of an atomic species. 
Elements 91, protoactinium, and 87, 
ekacesium, are among the very heavy 
ones and were found in nature in the 
radioactive families by Hahn and Miss 
Perey respectively. Elements 72 (haf- 
nium) and 75 (rhenium) are also found 
in nature and are stable; their detection 
and isolation was achieved by Hevesy 
and Coster (72) and by I. and W. Nod- 
dack (75) in the twenties. Especially 
in the ease of element 72, the discovery 
was guided by the great progress that 
had been made in the theoretical unravel- 
ing of the atoms, thus making possible 
a prediction of its properties, on which 
Mendeleef 


name 


the semi-empirical table of 
gave uncertain information. Its 
hafnium, from Copenhagen, was chosen 
in homage to that center of research 
where Bohr and his associates played 
such a large part in developing the 
modern atomic physics. The chief ana- 
lytical tool in both investigations was 
the x-ray spectroscope. 

After these discoveries, the only ele- 
ments left were 43, 61, 85, and an inten- 
sive quest has been made for them in 
natural products. Many times success 
has been announced, but subsequent in- 
vestigations have always failed to con- 
firm the discoveries claimed. The prob- 
able reason for this situation is that aec- 
cording to our present knowledge of the 
atomic nucleus such elements are un- 
stable and could be found in nature only 
in the relatively unlikely case that they 
should possess an extremely long half 
life. The prediction of the instability 
of such is based large 
amount of material and a 
plausible theoretical interpretation of 
the same, and they are the only elements 
deemed unstable by the rules of Mat- 


nuclei 
empirical 


upon a 


tauch.? 
2See e.g., H. 
1938. 


Jensen, Naturwiss., 26: 381, 


Hence until the discovery of artificial] 
nuclear transmutation it was hopeless, al- 
though it was not known to be so, to look 
for the missing elements in the nat- 
ural their only terrestrial source. 
The situation changed entirely with the 
advent of artificial transmutation, be- 
cause it then became possible to manu- 
facture the element one wanted to study. 
A vast amount of experimental material 


ores, 


‘on artificial radioactivity which has been 


rapidly accumulated, systematized, and 
given a theoretical interpretation between 
1934 and the present, has made it easy to 
predict what type of transmutation oc- 
curs under a given kind of bombard- 
ment. Generally the prediction is not 
unique, but only a few alternatives are 
left. Thus by slow neutron bombard- 
ment one almost always has the trans- 
mutation into a heavier isotope of the 
same atomic number; by deuteron bom- 
bardment the atomic number is changed 
by +1, —1, or 0; by alpha particle bom- 
bardment the atomic number is increased 
by one or two units, ete. 

If, for example, we bombard element 
42, molybdenum, with deuterons, w 
ean reasonably expect that 
topes of element 438 will be found; and 
if they are radioactive we will be able 
to detect even the extremely minute 
amounts formed by this method. The 
question arises, however, as to how we are 
going to be sure that the radioactivity 
observed is due to element 43 and not 
to some other substanee, for example, 
a radioactive isotope of molybdenum, 
formed in the bombardment. The an- 
swer is very easy if we have a stable 
isotope of the newly produced substance, 
because then if we add a little of it to 
our radioactive substance and perform 


some 1s0- 


the usual procedures of chemical analy 
sis, we Shall observe that the radioac 
tivity sticks together quantitatively wit! 
the stable isotope of the radioactive sub 
stance, and no chemical operations can 
ever separate it. To be sure, this is 
only a negative proof because, strictl) 
speaking, one can not earry out all pos- 
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sible chemical reactions with a given sub- 
stance, and one may miss just the im- 
portant ones. That this can actually 
happen is borne out by the almost in- 
eredible tale of the transuranic elements, 
and especially of element 93 where, by 
the incorrect application of these prin- 
ciples, many mistakes were made.* On 
the other hand if two substances can be 
chemically separated by analytical meth- 
ods they certainly are not isotopic. 

The situation is more complicated in 
the ease of a new element, and espe- 
cially of the artificial ones, because the 
amounts available are then so extremely 
minute as to be invisible and unweigh- 
able. The detection oceurs through the 
radioactivity, but it is impossible to 
earry on most of the chemical opera- 
tions in the ordinary way. Thus, for 
example, precipitation and filtration of 
the pure substance are well nigh impos- 
sible. Also, serious doubts may be enter- 
tained as to whether the behavior of a 
substanee at such extreme dilutions is 
the same as for ordinary quantities. 
This whole complex of problems is not 
new: as a matter of fact, it arose in the 
early days of radioactivity, and a whole 
branch of chemistry, radioactive chem- 
istry, is devoted to its solution. 

We now have a whole series of semi- 
empirical rules by which we can reason- 
ably predict, from the behavior of a 
radioactive isotope present only in ex- 
tremely small amounts, the behavior of a 
‘‘weighable’’?’ amount of the same sub- 
stanee. If, for example, the radioactivity 
is precipitated in an acid solution by hy- 
drogen sulphide, together with copper, 
lead, and any other element that is pre- 
cipitated by hydrogen sulphide, it is very 
probable that the radioactive substance 
will form an insoluble sulphide. Again 

‘To mention only one of the latest, the writer 
established correetly (Phys. Rev., 55: 1104, 
1939) several chemical properties of a certain 
substance, which properties he wrongly inter- 


‘preted as showing that it was a rare earth until 


MeMillan and Abelson (Phys. Rev., 57: 1185, 
1940) proved conclusively that it was an isotope 
of element 93. 


if we can distill the radioactive substance 
under certain conditions we ean also be 
reasonably sure that a large amount of it 
would be volatile under the same condi- 
tions. But other properties like the color, 
electric conductivity, specific gravity, ete., 
ean not be measured with such minute 
amounts, 

One thus sees that a study of the 
radiochemical properties of the remain- 
ing undiscovered elements 43, 61 and 85 
might be expected to give interesting and 
valuable information. 

Element 43 was prepared in the Berke- 
levy eyelotron by bombarding molybde- 
num with deuterons or neutrons. It was 
identified and its radiochemical proper- 
ties were investigated by Perrier and the 
writer in 1937. Its general behavior 
is very similar to that of its heavier 
homologue rhenium, but substantially 
different from that of its lighter homo- 
logue manganese. The separation from 
molybdenum, the parent element, is very 
easy and ean be done in a few min- 
utes. A detailed discussion of its chem- 
ical properties would exceed the limits 
of this article and for this we must refer 
to the original papers.* Although the 
quantities of element 43 so far prepared 
are too small for spectroscopie detee- 
tion, it may be mentioned that the K 
lines of its x-ray spectrum have been ob- 
served although of course not in the usual 
way by exciting the spectrum on the anti- 
cathode of an x-ray tube. Their spon- 
taneous emission occurring as a conse- 
quence of the transition from an upper 
to a lower excitation state of the nucleus 
Klement 43 can 
also be produced by alpha-particle bom- 


vives detectable lines. 


bardment of columbium and is separated 
from that element by sublimation in a 
stream of oxygen. By this method it ean 
be deposited on an inert support as an 
invisible radioactive layer. 

4C, Perrier and E. Segré, Jour. Chem. Phys., 
5: 715, 1937; 7: 155, 1939. 

5G. T. Seaborg, E. Segré, Phys. Rev., 55: 
808, 1939. Sce also P. Abelson, Phys. Rev., 56: 
1, 1939. 
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In the case of element 61 the study 
of the chemical properties is somewhat 
superfluous because, since it is a rare 
earth, it is quite certain that its chem- 
ical properties will be extremely close to 
the properties of the other rare earths, 
and on the other hand no simple method 
of separation from them is to be ex- 
pected. Several types of bombardments 
could give radioactive isotopes of ele- 
ment 61, but the interpretation of the 
results is not completely certain. There 
are good indications that praseodymium 
bombarded with alpha particles® gives an 
isotope of element 61. More work will 
be needed before a final conelusion can 
be reached. 

Element 85 is a heavier homologue of 
iodine and has been prepared by the 
bombardment of bismuth with the high 
energy (32 Mev) alpha particles of the 
60-inch Berkeley cyclotron.’ Its chem- 
ical properties are notably different from 
the properties of iodine in so far as it 
shows marked metallic characteristics 
close to the properties of bismuth or 
polonium. For example, it is precipi- 
tated by hydrogen sulphide in acid solu- 
tion, it is not precipitated like the halo- 
genides by silver salts, and it is electro- 
plated on several metals. It is also easily 
sublimed from the metallic bismuth and 
in this way it can be collected pure as an 
invisible radioactive layer. 

The radioactive transformations in- 
volved in the decay of element 85 are 
also quite interesting, involving the cap- 
ture of a K electron from the inner shell 
of electrons followed by the emission of an 
alpha-particle from the nucleus. The 
substance formed by the K capture of 
element 85 was already known in nat- 
ural radioactivity as Ac C’ and is a 
member of the actinium family. 

The above-mentioned studies on ele- 
ments 43 and 85 give a clear picture of 

6 J. D. Kurbatov, D. C. MacDonald, M. L. 
Pool, L. L. Quill, Phys. Rev., 61: 106, 1942. ©. 8. 
Wu, E. Segré, Phys. Rev., 61: 203, 1942. 

7D. Corson, R. MacKenzie, E. Segré, Phys. 
Rev., 58: 672, 1940. 


most of the chemical analytical proper- 
ties of these elements and can be used 
for a search for natural isotopes in two 
ways. First, they make possible predic- 
tions on the geochemical behavior of 
such elements and thus indicate the 
minerals most likely to contain them. 
Secondly, by using the artificial elements 
as tracers, they permit a continuous check 
on the enrichment processes. 

From what is known of element 43, it 
seems very likely that it would be usually 
associated with rhenium. But the fact 
that many hundreds of pounds of rhen- 
ium have been isolated from various ores 
without any conclusive demonstration of 
the existence of element 43 seems to show 
that it does not exist in nature; this is as 
predicted by the systematics of nuclei. 

The status of element 61 is similar to 
that of element 43, but although the great 
similarity of element 61 with the other 
rare earths makes the geochemical predic- 
tions very reliable, it is much more diffi- 
cult to reach definite conclusions as to its 
existence from chemical evidence than for 
element 43. 

The ease of element 85 finally is con- 
siderably different because its proper- 
ties differ substantially from these of 
its homologues. The failure of the 
searches performed in the past, for ex- 
ample, by Buch Andersen,$® are ineonclu- 
sive because we now know that the 
chemical operations performed would 
not have led to an enrichment of the 
substance looked for, but rather would 
have eliminated it. The Mattauch rules 
are also inapplicable in a region where 
all the elements are radioactive and it 
is not impossible that some isotope of 
element 85 may be found in nature. 

To complete a discussion of the search 
for new elements, one should also inelude 
the transuranic elements. Their story, 
however, transcends the limits of this 
article, which deals with the completion, 
not the extension, of the periodic system. 

8 E. Buch Andersen, K. Danske, Videnskab 
Selskab., 16: 5, 1938. 
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QUININE: THE STORY OF CINCHONA 


By NORMAN TAYLOR 


DIRECTOR, CINCHONA PRODUCTS INSTITUTE, NEW YORK 


lv you happened to be a stranger in 
issouri in the 1830’s and stopped at 
\rrow Rock vou might well think they 
in the midst of a revival, for each 
the bells of the Methodist 
rather vigorously. 


ere 
evening 
Chureh were rung 
suit it was not a call to prayer 
reminder for every one to take Dr. 
would know 


merely 


Sappington’s pills. You 
why if you staved through the sleepy, 
veish summer, for malaria stalked the 
and and the good doetor’s pills were 
He was one of the first 


nosthy quinine, 
and by far the most famous medico in 
the Mississippi Valley to use this remedy 
for malaria. 

The disease was a curse to Arrow Rock, 
vhich nestled along the banks of the 
meandering and highly malarious Mis- 
souri River. And Dr. John Sappington, 

his attempts to stamp out the disease, 
became, for a slightly different reason, 
ilmost as colorful as his direet descen- 
dant, Ginger Rogers. He is sometimes 
smirehed as a quack, but several biogra- 
ies, and notably his inelusion in the 

vered ‘‘ Dictionary of American Biog- 
raphy’? would seem to disprove it. 
Actually, more than any physician of his 
time, he knew that the treatment of 
nalaria was not then what it should be 
and that the disease, unchecked, was 
blighting not only his own people but 
the waves of pioneers, so many of whom 
lied alone that swampy road to Eldo- 
rado, 

The charge of quackery came as the 
esult of a mistake. Sappington knew, 
s the *‘Autoerat of the Breakfast Table’’ 
that ‘‘quinine .. . was 
invaluable 


rote later, 
one the sovereign and 


Its use in malaria 


ions to humanity.’’ 


had followed the isolation of the alkaloid 
in 1820, and the establishment of the 
first quinine factory in the world at 
Philadelphia in 18238. 

To Philadelphia, then, 
sent his son to buy a certain number of 
then 


Sappington 


ounces of the precious remedy, 
worth about three dollars an ounce. The 
Dr. Sappington 


bought in 


transaction completed, 
found that 


pounds instead of 


the vouth had 
ounces and the old 
ventleman was very nearly ruined. But 
he did possess a great stock of quinine. 
Convinced of its value in malaria, he in- 
vented ‘Dr. Anti-fever 
Pills’? and soon had pill peddlers all over 
In those days 


Sappington’s 


the Mississippi Valley. 
Methodist Church bells were just as good 
as the radio, and salesmanship, plus a 
little professional jealously from Phila- 
delphia, made him an anathema to the 
current purists on medical ethics. 

His true position has much to do with 
the story of quinine. Many vears later, 
smoke of controversy had 
cleared away, Dr. Robert J. 
medical historian, had this to say of Sap- 


when the 
Terry, a 


pineton : 


The political enemies of Thomas Jefferson 
protested that in the Louisiana Purehase the 
United States acquired a swamp unfit for human 
habitation. The Mississipp! Valley is to-day the 
home of millions. Who will say that the intro 
duction and distribution of quinine in the early 
days was not a factor of great significance in 
establishing homes and settlements in a region 
nfested with malaria? The control of malaria 
n the great valley required years of persistent 
effort under the hardships of frontier life and 
was not spectacular; was it less of a contribution 


to civilization than to-day’s t1 lumphs of sanita 
tion for which we are justly proud? 
Malaria is still the curse of all reevions 


with warm summers and slugeish. mos 
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quito-ridden water. Seventeen of our 
southern states still suffer from it and in 
The latest 


fizures, which probably are too conserva- 


the tropics it is far worse. 


tive, add up to the astounding world total 
million 


) 


of S00 million cases and over 3 
deaths annually. India has always been 
the worst sufferer. 

To-day there hanes at Arrow Rock a 
portrait of Dr. Sappington by George 
Caleb Bingham, and rightly so, 
sensed the importance of malaria, and 


for he 





DR. JOHN SAPPINGTON 
ROCK, MISSOURI, A PIONEER IN THE USI 
MISSISSIPPI VALLEY. 
BINGHAM, 


OF ARROW 


OF QUININE IN THI (FROM 


A PORTRAIT BY GEORGE CALEB NOW IN 


rHE OLD TAVERN IN ARROW ROCK. 


his work in that sleepy Missouri town 
presaged the world significance of quin- 
ine in the treatment and prophylaxis of 
that had many medical 
detractors, especially bled 
depleted almost to 
But he fought on and deserves 
the medical hall of 


disease. He 
those who 
already patients, 
death. 
at least a niche in 
fame. 


W hat 


does to it, 


malaria is, and what quinine 


woes far back of the isolation 





MONTHLY 


of the alkaloid by Pelletier and Cavent 
in a laboratory in Paris on September 1] 
1820. 
them was erected on 
Michel to 


alfects every one to-day 


Kor that discovery a statue 
the Boulevard 
commemorate an event that 
for upon qui 
Ine victory is largely dependent. 

or 


everywhere except here, and universal! 


quinine, pronounced  qui-nee 
called kwy’-nine in the United States, « 
quin’-in or even qui-nine’ in Virginia, 
one of the few real specifics known 

The scholarly ‘‘ Webster’s 


ee 


in defining the word ‘*specifie’’ Says “e) 


medicine. 


erting a peculiar influence over any part 
of the body ; preventing or curing diseas 
by a peculiar adaptation; as quinine is 
a specific medicine in malaria.’’ (Ttali 
theirs. ) 

But no one knows why. Hundreds « 
millions of malaria patients have bee) 
cured with it, and a huge amount of r 
search has been accomplished on it, but 
we do not yet know how it works 1 
indeed, it ever works directly upon thi 
plasmodium which is_ th 


Perhaps no other dru: 


Microscopie 
cause of malaria. 
has ever been so widely used with suc! 
complete ignorance of the mechanism o!| 
its action. 

Its effects, however, are direet and un 
questioned. They are perhaps best re 
flected in the world demand for it. Pre 
scribed in grains, it is literally produce 
in tons. Just before the present war th 
world consumption was about 722 tons 
annually. Sinee the war, and before th 


invasion of Java, where most of. tl 
quinine trees grow, production for th 


194] 1017 No tropica 


campaign ean be run without it and ou 


vear Was tons. 
far-sighted government began to lav b 
a stock of it, long before Pearl Harbor. 
lnele Sam has been accused of bur 
eline the both befor 
and since Pearl Harbor. But no one eat 


rubber situation 


accuse him of quinine bungling. Th 
old gentleman has a longer memory tha) 


some of his detractors. He knew hoy 
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General Gorgas made the Panama Canal 
possible, and why malaria would have 
stopped canal digging if Gorgas hadn’t 
thousand doses ot 
until he’d 


Our vovernment, or 


viven nearly forty 


quinine per day controlled 
mosquito breeding. 
rather a handful of army and navy doe- 
tors, remembered that story and dreaded 
the malaria toll in possible tropical cam- 
paigns. So they began the accumulation 
of the largest stockpile of quinine ever 
vathered in this country. The amount Is 


a military secret, and its whereabouts 


evehl more so, 
that this 


competence of our army and navy doe- 


It seems almost axiomatic 
tors had to be matched by those who pro- 
duced quinine. With ever so much fore- 
sight and a fat purse, Uncle Sam could 
still 


any futility about growing the tree that 


have been licked if there had been 
produces quinine or extracting the alka- 
loid Why there 


neither evoes back to the slopes of 


bark. Was 
the 


Andes well over three hundred vears ago. 


from its 


Were It STARTED 
the 
Amazonian slopes of the Andes there are 


Krom Colombia to Bolivia on 
many species of shrubs and trees of the 
venus Cinchona. All are first cousin to 
cottee and the Ipecac, or im simpler terms, 
the 


They are handsome plants with opposite 


Cinchona belones to Rubiaceae. 
leaves and pale pink or white flowers in 
The bark of 


them is the only source of quinine. As 


lilac-like clusters. some of 
in most tropical forests, they do not occur 


in pure stands, notwithstanding news 
paper statements to the contrary. 

Who first found that the bark of a few 
for 


will 


200d 
ealled, 


( iracilasso de 


trees 
often 
probably never be known. 


of these cinchona was 


ague, aS malaria is 
la Vega, a son of one of the conquerors 
the daughter of 
mention it in his 


of Peru, who married 


an Inea noble, does not 
‘*Roval Commentaries on the Ineas.”’ 
They it, quina, from 


had a word for it. 


Which is derived quinine, but there is no 
evidence that the Incas knew of the valu 
of cinchona bark. About a century late 
the Jesuit priests at Lima do seem to 
have known of its value, hence its old 
hame of Jesuit’s bark, and later, Peru 
vian bark. 

about 1630 there 
hatched the most colorful, romantic, and 
wholly 
which 
ones, will scarcely eradicate. 


Somewhere was 
cinchona, 
dozen better 


The stor) 


untrue legend about 


this article, nor a 
eoes that the Countess of Chinchon, the 
wife of the Spanish viceroy, was stricken 
with 1630 
snatched from the verge of the erave by 


malaria in) Lima in and 
the timely intervention of adequate po 
tions of the bark of quina. So grateful 
was the lady that the ground-up bark 
was promptly christened Countess’ Pow 
der and she is credited with introducing 
it to malaria-stricken Spain and _ Italy. 
It is a pretty legend, swallowed by Lin 
haeus, Who named the trees Cinchona* in 
her honor, and by everyone else until 
November, 1941. 

The three-hundred old 
was finally exploded by A. W. Hageis in 
the Bulletin of the History of Medicine 
for October and November, 1941, pub 
Hopkins 
This proves that the countess never had 


vear canard 


lished at Johns University 
malaria, that her husband often did, but 
that even for the viceroy there was no 
cure by cinchona bark, for no one at Lima 
Nor did 


the countess ever take it to Europe for 


then knew anything about it. 


she died on her way home, as is proved 
by the Archives of Franciscan Friars at 
Lima, who wrote: 


By these presents let it be known 
l4th January of this year 1641, in 
the City of Carthagena of the Continent of this 
Our Himself, 


Donna Francisea Henriquez de Ribera, Countess 


unto you 


how, on the 


Kingdom, Lord gathered unto 


of Chinchon, and a patroness of our Holy r 


ligion. 


* Linnaeus dropped an ‘fh’? in naming Cin 


chona for the Countess of Chinchon. According 
to the 
take 


subsequent confusion in spelling. 


rules of botanical nomenelature his mis 


must be perpetuated, notwithstanding th 





S no 
alu 
ate! 
1 to 
old 


was 
and 
ona, 
tter 
tory 
the 
‘ken 
and 
» by 
po- 
eful 
ark 
OwW- 
‘ing 
aly. 
in 
* in 
ntil 


ard 
sin 
rNE 
ub 
ity. 
had 
but 
ho 
ima 
did 
for 
ved 
sal 


you 
, in 
this 
elf, 


tess 


WHERE 


QUININE: THE STORY OF CINCHONA 


CLIMATE, 


PREANGER REGENCY 
ELEVATION 


AND SOILS 


AR} 


IN WEST] 


MO 


FA\ 


VOR 





IRN JAVA 








22 THE SCIENTIFIC 


x 
, 
8 
i 
\ 


wer 








MONTHLY 


—_ 
papel pe 
vimana 


a a ? 
—_ 


Netherlands Information Bureau 


A WELL-GERMINATED SEED BED OF CINCHONA SEEDLINGS 


MANAGEMENT OF SEEDLINGS, TO PREVEN' 


This the 
Countess of Chinchon legend but tells us 


would seem to dispose ot 
nothing as to who first took cinchona bark 
to Europe, nor when. It is first men- 
tioned in European medical literature by 
a Belgian, Herman van der Heyden, in 
advis sur les flus de 
published at Ant 


Its value must have been 


his ‘*Discours et 
ventre douloureux,’’ 
werp in 1648. 
known then, and there the early history 
of cinchona must rest, awaiting further 
research. 

Its history for the next two hundred 
vears is marked by futility, extravagance, 
and towards the middle of last century, 
dwindling supply of the 


forgotten 


by a rapidly 
bark. Kor if 
that for nearly 


should not be 
two centuries infusions 


and extracts of the bark had been in 


world-wide use for malaria Lone be 


**DAMPING-OFF,’’ IS NOT EASY IN WARM HUMID REGIONS. 


fore quinine was finally isolated as a 
powerful drug, patients were given bit 
which, 
other 


cinchonine, ¢inchonidine, and 


ter extracts of c¢inchona’ bark 


besides contains three 


quinine, 
alkaloids 
i ee 
quinidine—which are also used in 
malaria. 
So tremendous was the trade in bark 
that Eneland and Holland 


alarmed about the middle of the last cen 


became 


tury because each had highly malarious 
colonies and both feared that exhaustion 
of the dwindling bark supplies would 
spell disaster. Holland in the 1850’s and 
England during our Civil War, sent out 
elaborately equipped expeditions to the 
Andes to secure seeds, plants, or an) 
other material suitable for starting plan 
Both expedi 
contains 


tations in India and Java. 


tions failed beeause Cinchona 
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both the 
tech and the Enelish secured the wrong 


\ worthless species and 


ls. The effects were disastrous for 

Enelish whose plantations in India 

never paid, although quinine from 

m must be produced even at a loss, 

ause of the huge population and the 
st malaria incidence in the world 

There then entered the most fantastic 


jisode in the lone history of quinine 
ompletely unheralded, with no scientific 


no elaborate expedition, but a 
common sense, there lived 
Puno, Peru, an Englishman by name 
While the British Ex 
Markham 


for Cinchona, 


under Sir Clements 
the Andes 


ddger went on about his alpaca trading 


d vathered cinechona bark as he had for 


BARI 


LIMINARY PREVENTION OF MILDEW IS 


AFTER WHICH I 


DRYING 


ACCOMPI 


vears. He rather fancied barks 
the the 


River, in nearby Bolivia, and ultimately 


SOTne 


from headwaters of Marmoré 
fourteen 


While 


which 


secured, through a servant, 
pounds ot seed from these Trees 


that the bark 


they came was high in quinine, he little 


Ledger knew from 
euessed that this collection was to chanve 
the whole future of the quinine industry 

Ile sent the lot 
with instructions to offer them 


Lon 


to his brother in 
don ror 
sale to the government for their planta 
The 


went to 


British declined 
Holland and 
Netherlands 
government for their Java plantations 
Duteh boueht 
hundred franes, with 


tions in India. 
His then 
offered the shipment to the 


brot her 


The prudent and thrifty 
one pound, for one 


more to be paid if the seed produced trees 
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high in quinine. Soon after, they paid 
him a total of about a hundred dollars 
(£24) for the pound of seed. 
the seed 

British 
planter, who went completely 
traded it 

the government 
The British In 
the Ledeer 
ever germinated these all 


The balance of was sold by 


Ledeer’s brother to a Indian 


sour on 
other 


his for 


varieties with 


purchase and 
cinchona 
plantations in’ India. 
dian officials planted seed 
but 
died. 


Meanwhile the single remaining pound 


few and 


of Ledger seed arrived in Java in Decem 
It was planted at the Govern 
ment Plantation the 
direction of K. W. van Gorkom, without 
notion of what was to follow. Some 


ber, 1865. 


Cinchona under 


any 
of the seed had spoiled, but twenty 
thousand verminated and twelve thou 


sand seedlines were set out the followine 


year. 
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To four men, van Gorkom, J. C. 

Moens, J: If. de Vry, and M. Kerbose 
is due the final success of cinchona ¢ 
ture in Java. For forty years they pr 
sisted in their experiments in the face 
bitter criticism from the people and 
times from the government of the Net 


erlands Indies. The Government ¢ 
chona Experimental Station at Tyin 
roean was ridiculed as ‘‘the expensi 
hobby.’? No private planters could 


coaxed to emehona. But to-d: 


there are over a hundred private plant 


fTOow 


up in the mountains of Java, and unt 
the island fell to the Japanese, the d 
Pro 


nearly all tl 


scendants of those maeieal trees 


Ledger seed produced 


quinine in the world. They were mi 


appropriately christened, in prop: 
Latin, Cinchona ledge rand. 
It is an oft told tale, and far too lo 


to repeat here, of just how all this wa 
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omplished. When it is remembered 
Cinchona is as likely to spontane- 
sly hybridize as blackberries, the ulti 
ite standardization of a pure line 
high quinine content seems all but 
raculous. It is still more so because 
antedated any knowledge of the Men 
elian ratio which was rediscovered by 
nother Dutchman, Hugo de Vries, at 
\msterdam, in 1900, 

In addition to controlled hybridiza 
tion, of which the Duteh did a good deal, 
there was an extraordinary coordination 
f{ horticultural practice, soil science, 
chemistry, and forest succession. And 
this meant long-range planning, for the 
bark is gathered only by the destruction 
of the trees. The Dutch still carry on 
their experiments on cimchona culture, 
to maintain their excellent record, or to 
improve it. The present head of the 
Netherlands Indies Cinchona’ Experi 
ment Station is Mr. M. A. van Roggen 


Any American horticulturist or for 
ester of repute would be foolish to state 
that this extraordinary Dutch perfection 
of cinchona culture could not to-day be 
duplicated. So far it never has, however 
In spite of the fact that the Netherlands 
Indies Government has freely given or 
sold seeds to those who have tried ail 
ures or equivocal results, both by for 
elgn governments and private planters 
are recorded from India, Eritrea, St 
Helena, Formosa, Indo-China, Belgian 
Congo, Reunion, the Caueasus, Mada 
evascar, Hawai, Tanganyika, Queensland, 
Burma, Ueanda, Cameroons, Jamaica, 
and even in California. It has also been 
tried, somewhat more successfully, in the 
Philippines 

More recently the U.S. Department of 
Agriculture has germinated thousands 


f cinchona seedlings at Beltsville, Mary 
land, under glass. They are then shipped 


to ¢limatically favorable places in tropi 
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THE MEN WEAR PRINTED COTTON JACKETS (KABAJAS AS THEY 


Vetherlands Information Bureau 
WOMEN FIELD WORKERS WEAR BATIK SARONGS 
WEED A JAVANESE PLANTATION OF 


YOUNG CINCHONA TREES. 


cal America, with the hope that quinine 
production will ultimately come back to 
those Andean slopes from which it was 
taken. The enterprise at Beltsville is 
under the able management of Mr. B. Y. 
Morrison, who is chief of the Division of 
Plant Exploration and Introduction, of 
the Department of Agriculture. He has 
few illusions as to the lone and difficult 


ahead, although experimental 


Vears 


been made in several 


Puerto 


plantings have 


countries, notably Rico, Costa 
Rica and Guatemala. 

Kor the immediate future there seems 
only a slim chance of quantity produe- 
tion anywhere in the New World, be- 
eause the main harvest of bark comes 
only after fifteen to twenty years, and 
there are pitfalls. Perhaps 
American enterprise can do in ten vears 


what it took the Dutch forty to aecom- 


many 


plish, but even then the United States 
Latin American 
almost from 


and the cooperat ing’ 


eovernments are starting 
seratch. Guatemala, at the 


holds the most promise, although it is 


moment 


climatically less favorable than the origi- 
nal home of Cinchona. 


THE SITUATION TO-DAY 
The commercial extraction of quinine 
is possible, in normal times, only where 
the bark contains 6 per cent. or more of 
is quinine, to 
the Java 


quinine sulfate (which 


most of us). The success of 
planters is based upon the fact that their 
trees never vield less than this, and often 
considerably more. 

Most wild cinchona from South Amer 
ica is lucky if it contains as much as 


All the huge 


commercial plantations in Ceylon were 


2!—3 per cent. of quinine. 


a 


ne 


en 


iatically put out of business at the 


ol 


SOLL. 





the century for precisely this 
Java bark came into full seale 
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duction about that time and both Cey 
trade in South 
rica practically folded up. 


and 


Nearly all the world supply of quinine 


the 


wild bark 


or was, until Mareh, 1942, produc 


mm Java 


bark. This 


Was extrac 


rtly by the largest quinine factor) 


stence 


at 


Bandoeng, 


Java, and 


‘ec 
ted 

in 
the 


ina handful of European factories, 


by the only 


inufacturers in the United States. 


AT 


THE 


SOME TREES OF CINCHONA LEDGERIANA 


CINCHO? ESTA a NITRO 


NETHERLANDS 


INDIES GOVERNM 


two important quinine 


| 


The combined production of these was 
ample for the world’s needs, and even 
the vastly increased war demands for 
well met that not only 


quinine were si 
our government, as noted previously, but 
most large-scale pharmaceutical and pro 
prietary establishments were able to 
build up stocks of quinine to anticipate 
the ultimate stoppage of shipments from 
Java. 

Notwithstanding this foresight, some 
thine like panic seized the country when 
Java fell in) Mareh, 1942. Quinine, 


l 


hitherto rarely mentioned in the news 
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ws, Vielded, through our clipping 
articles charging 
? **yrice-fixing, 


ices, thousands of 
tage,’ ‘hoarding, 
vernment incompetence, ”’ 
and a dozen other 


‘ 


*specula- 
‘monopoly,’’ 
ents. Such was the public outer) 
it some congressmen, who should have 
wh better, and a few self-appointed 
‘experts”’ that 
should be done about quinine. 
fact that their ignorance of the real 
situation very nearly matched their 
mor, Uncle Sam, of the long memory, 
ecame a bit perturbed. He finally 
silenced them by issuing three extremely 


something 
Despite 


demanded 


vise orders. 

The first was to limit quinine to its use 
i malaria. This worked an undeniable 
hardship upon those who had used it for 
years for colds and influenza. But we 


are at war, and no soldier should be 
denied quinine beeause of its diversion 
elsewhere. Malaria, in wartime, is more 
inportant than the common cold, even if 
35 per cent. of all cold remedies do con- 
tain quinine. 

manufacture of 


The second was the 


totaquina. This had never before been 
made in the United States, its use having 
been dictated by the low-vielding ¢in- 
India, Malava, and the 
The total alkaloids of these 


chona barks of 
Philippines. 
inferior barks were extracted and enough 
quinine added to bring the mixture up to 
therapeutic effectiveness. 
the total alkaloids of ein 
‘hona bark) and the formula for it were 
nvented by the Nations 
It is a refinement 


The name to- 


faquina (72.@., 





League of 
Malaria Commission. 
tf the old cinchona febrifuge, lone used 
i India, and more effective than it. To 
lay totaquina, which has been admitted 
to the new edition of the U.S. Pharma 
opoeia, is made by at least three Ameri- 
in manufacturers who rely upon the 
w-grade South and Central American 
hitherto of little or no 





interest. 


nese, with neelicible exceptions, are 


rth next to nothing so far as the eom 


extraction of 
but they 


mercial quinine is) con 


cerned, can be used to make 


totaquina which costs less than quinine, 


iS considered a little less effective and 


hence eiven in somewhat larger doses. 
The third directive of our vovernment 


controls all importations of cinchona 


bark from Tropical America, fixes a 


price for it based upon its alkaloidal con 
tent, and also fixes the price at which 
Both 


totaquina may be. sold. orders 
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LIKE CLUSTERS 


nehona ledqeriana, 


LILA 


oO FLOWERS OF ¢ 


stopped ruinous bidding for eimnehona 
bark and useless gouging of the public 
for totaquina. 

In a democraey like ours it would be 
delirium of optimism to expect all this 
to have been accomplished without some 
faltering. There has been mueh of. it, 
as between the several war-time agencies 
interested in quinine. But the plain fact 
is inescapable that Washington, in spite 
of all 


eriticism, has safeguarded our 
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CINCHONA BARK GATHERERS 


quinine supplies during the emergency 
and provided for the production of a 
reasonable war-time substitute for it in 
totaquina. 

Totaquina, like quinine, must be used, 
That 


is, and always has been, the chief use for 


for the duration, only for malaria. 


quinine and the other alkaloids of cin 
chona. But some other uses are impor 
tant. 


fluenza, already mentioned, quinine has 


Besides the common cold and in 


been used in minor surgery as an anes 
thetic, as a test for goiter, in Meniere’s 
disease, for varicose veins, and in obstet 
rics for its reputed action on the muscles 
of the uterus. The Quinine Formulary 
and the use 
fibrillation. 


also lists other uses for it, 
of quinidine in auricular 
So important is the latter that the gov 
ernment permits its use for this purpose, 
because several thousand people would 
die of this heart affection without a daily 


maintenance dose of quinidine. 


OrneR REMEDIES 

In a disease so world-wide as malar 
it would be most surprising if many 
other remedies had not been put forwar 
to challenge the undisputed position « 
first, cinchona, and then, quinine, durn 
three hundred vears. The 
have, in fact, been many. They rang 
from the Civil War use of Georgia bark 


the past 


Pinckneya pubens), the dogwood (Co 
nus florida), the bark of 


China, the emu apple of Australia, t] 


an ash tree 


‘quinine’’ bark of California (Garrya 

to the numerous old-wives’ remedies, now 
long forgotten. Other, and more mode 
methods of chemotherapy also have the 
Among the latter are deriv: 
tives of the sulfa drugs, arsenic, epinep! 


adherents. 


rine, and some others originally foun 
in the laboratory of the [. G. Farbeni 
dustrie in Germany. Of the latter, tw 
have been admitted to the new editi 
of the *U. S. Pharmacopoeia’’ under t! 
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es “*quinacrine’’ and ‘* pamaquine,’”’ \mong those drugs q ¢ [italies theirs 
eh for some time had been known 58"! tanks hrst in current practise, by reason of 
. 7 : ie its ¢clinien!l effectiveness and most complet } 
er their trade names of ‘‘atabrine ir 
: Pt SeTICE ot OXICITY, coupled wit) th VV despre id 
‘*plasmochin. knowledge of its use and dosage 


No one has ever vet found a real svn ’ 
ee ; ; Kor many centuries malaria was sup 

tie quinine, all the others being pos 
° . vue ap A posed fo come Trom the HONTOUS evapora 

ble substitutes for it. Their position in 
: tion of swamps, hence its name, malaria 

he treatment of malaria to-day is per 


aps best appraised in the report of the 
League of Nations Malaria Commission. 


(bad air). Nobel prize winner Sir Ron 
ald Ross was the first to prove that mos 
ape vis quitoes were the only carriers of the plas 
In a book of 5dD8& pages entitled ‘‘The | ° aff ; 
‘ : ey modium that causes it. But many simple 
Treatment of Malaria’? (Geneva, Decem ; 
a people stil] follow Shakespeare, who 
ber, 1987) they contrast the current ma :; i 
: a wrote of malaria in Julius Caesar, warn 
larial remedies, based on carefully con . 
rage : Ine Brutus not 
trolled clinieal tests on many thousands 
of patients from all over the world. ro dare the vile contagion of the nig 


Their summary : That was written before cinchona bark 


eau 


laria 
nan 
ward 
n ol 
ring 
her 
ance 
bark 
(0) 
6] in 
t] 

ya 

now 
ler! 
heir 
‘iV: 

pl 

una 
nit 





tw Netherlands Information Bureau 
s CINCHONA BARK OVEN IN WHICH THE MOISTURE IS DRIVEN OFF 
THE OVEN PICTURED ABOVE IS LOCATED IN BANDOENG, JAVA. 
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Vetherlands Information Bureai 


JAVANESE CINCHONA BARK GROUND AND BALED FOR SHIPMENT 


reached Europe. Fifty years later the — first: real advancement in the field of ant 


. bo es . malarial ther: since eC] ‘tion of qui 
bark became the subject of incredible nalarial therapy since the introduction of q 


; : é ‘ . 3 : ine.’* The reader is also referred to Volume 
stories, 01 court Intrigue, ol ecclesiastical of the 1943 edition of ‘*Stitt’s Diagnosis Pr 
bickering, and a bitter battle amone the vention and Treatment of Tropical Diseases 


mecdiecos. by Colonel Richard P. Strong, director 


But it survived all this, and finally, tropical medicine for the Medical Corps 


h tl ewer f iat the U. S. Army and emeritus professor of tr 
canon : : > hee; , ; 
through the isolation of quinine eCalne ical medicine of the Harvard Medical Schor 


one of medicine’s few specifies. Why it Basing his statements upon the report of tl 


did so suggests the not impossible notion Malaria Commission of the League of Nati 
that perhaps it was worth it. 1937) Dr. Strong writes: ‘‘In ordinary ¢a 
of P. vivar infection, the Commission states 
EDITORIAL Nore: The author has not unde is almost immaterial whether quinine or atebi 
taken to present the recent developments of the v0 used for treatment. For mass treatme 
ise of svnthetie drugs in the treatment of where little on no medical supervision is possib 
malaria. Further information on the enuse, the cinchona alkaloids are the most. suital 
treatment and prevention of malaria can be Medical supervision is necessiry if atebrin 
obtained from a volume recently published by used. The administration of quinine prepat 
the American Association for the Advancement tions, and especialiv of synthetic drugs, by 
of Scienee: **A Symposium on Human Malaria, parenteral route, should only be resorted to 
with Speeial Reference to North Ameriea and special circumstances or Cases. 
the Caribbean Region,’’ where, in an article by ‘*In regard to the conclusions of this Con 
Dr. Hans Molitor, it is stated that ** The intro mission that the action of atebrin on relapses ‘ 
duction of synthetic compounds with anti slightly more effective than that of quinine, 
malarial properties, equal or superior to those pecially in the case of benign tertian and 


of quinine, is one of the greatest triumphs of certain strains of malignant tertian,’ there 


systematic chemotherapeutic research and the some difference of opinion.’’—W. C. 
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CULTURAL INFLUENCES OF PENNSYL- 


VANIA’S MOU 


NTAIN GAPS 


I. EARLY ADAPTATIONS OF NATURAL ROUTES 


By Dr. BRADFO 


PROFESSOR OF GEOLOGY. 


\WarerR and wind gaps of the Appa 
hian Mountains, particularly in Penn 

ania, have played a significant role in 
e development of transportation, in the 
tthement of the ‘‘back country,’’ and 
asionally they have figured in military 
rations. The story of the peopling of 
r eastern Kuropeans is 


Krom 


seabc a rd by 


attered, feeble settlements, the popula 
erew and pushed inland. Early ad 
turers and settlers of the Middle and 
Colonies discovered presently 
at they were separated from the west 
interior of the continent by a moun 
that 


But, as 


but im 


added 


wall appeared all 


exploration 


unilarity with the country, routes were 


nd across the topographic barrier. 
the Hudson and Mohawk valleys in 
York offered a complete, low-erade, 
eh circuitous, passage to the west 
other lines of migration were dis 
ered farther to the south. It is to 


ose In Pennsylvania that our attention 


be chiefly turned, where routes lay 

river valleys and through moun 
In Pennsylvania certain local 
their utiliza 


I} Laps. 
nditions also influenced 
l more than in other states. 

The geologist and the physiographer 
e studied the aps and recorded the 
of how they originated and what 

‘ characteristics are. Pennsylvania 

tuated in a region of physiographic 

ety. Parts of it lie within the Appa- 

Applachian Valley, 


Piedmont 


an Plateaus, 
and 
the 


alachian Mountains. 


stal Plain Provinees. Crossing 


RD WILLARD 


LEHIGH 1 


from the east-central region in 
Lehigh and Northampton counties in a 
southwesterly direetion to the south-cen 
tral border in’ Franklin 
Appalachian Valley Section of the Appa 
lachian Valley Province. It 
on the southeast, partly by the Triassie¢ 
Lowland Section of the Piedmont, partly 


by portions of the Appalachian Moun 


State 


County is the 


IS bounded 


tains Province. The rest of southeastern 


and it 


Pennsylvania to the Delaware 
cluding the Triassie Lowland Section is 
the Piedmont 
small area of <Atlantie 
Coastal Plain Province bordering the 
Delaware River. Northwest of the Ap 
palachian Valley Section comes the broad 


area of parallel or concentrically curving 


erouped with Province 


except for a 


known as. the 
the Appa 


Kormine the 


mountains ana 
Ridge and Valley Section of 


lachian Valles 


valley S 


Provinee 


western and northwestern border and 


facine’ this 


Mountain 


rising as a steep escarpment 
last division is the Allegheny 
Appalachian 


This region passes westward 


Section of the Plateaus 
Provinee, 
western part of 
the Ridee 


ire primarily con 


into the plateaus of the 
the 
Valley section that we ; 


State. It is with and 


cerned in the present discussion. Along 
its river valleys with their many water 
vaps, transportation routes have been 


opened. It is therefore in order to dis 


cuss briefly the origin of the mountain 


vaps. As to their utilization, it is the 
Intention in this aecount to emphasize 
only those in’ Kittatinny Mountain, 


which is the first or southeasternmost 


range of the Vallev and Ridge Section 








34 THE SCIENTIFIC MONTHLY 


ORIGIN OF THE GAPS tinental shelf. In Middle Paleozoic tines 


In order to understand the nature and there existed in this region and e 


origin of the gaps through the Appa- 
lachian Mountains of Pennsylvania, it 


beyond to the east a landmass. Perhaps 
continental in size, it is the Appalad 

it necessary to review the faetors con- of the geologists and paleogeographers 
cerned with their making. There are Along its western edge, which corre- 
two kinds of gaps included in this dis- sponded roughly to the present east 

cussion, water gaps, those through which border of the Appalachian Mountains 
streams are now flowing, and wind gaps, ran a sea coast. Although a western 
which today are occupied by no streams coast, it opened upon anything but thi 


of water. Pacific Ocean as known today. It was 


The stratified rocks which today form — the eastern shore of an inland sea whic! 
our mountains and through which the lapped over part of the interior of 1 
water and wind gaps have been cut are continent. In its shallow water, In 
old. Drop back in geologic time some muds accumulated far from shore. 8 
300,000,000 vears or more to the Silurian  multaneously, along that Paleozoic coast 


period. From rocks of this age or of Appalachia, sands and muds. aiv 


vounger, practically all of our prominent pebble beds were laid down wher 


ridges and valleys have been sculptured. beaches fringed the land. Waves erode: 


In those ancient vears, geographic condi- as they pounded the coast; tides a 
tions in what we now eall eastern North currents contributed their part in spread 
America were hardly suggestive of to- ing sediments. Rivers and streams flov 
dav’s familiar features. East of the ine off the land brought seaward thi 
present mountains extend the piedmont loads to be dropped as deltas or swept 
and coastal plain and the submarine con- = away into deeper water. Most of f! 





FIG. 1. DELAWARE WATER GAP FROM THE SOUTH 
BEEN USED BY RAILROADS AND OTHER MEANS OF TRANSPOR' 
DEVELOPED IN THIS WA 


AMERICAN WATER GAPS HAVE LONG 
\\ 


TION IN PASSING THROUGH THE MOUNTAINS. THE ROUTES WHICH HAV! 
ARE NOW MARKED BY INDUSTRIAL CENTERS, 
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tinies 
eVel 
rhaps 
ae (l 
rhe S 
-OLrre- 
ster! 
tains, 
stern 
t the 
was 
vhicl 
f the 
lim) FIG. 2. VIEW OF WIND GAP FROM THE SOUTH IN NORTHAMPTON COUNTY 
SI HE WIND GAPS, TOO HIGH FOR CANAL OCCUPATION, HAVE SOMETIMES BEEN USED BY RAILROADS. 
COdST MODERN HIGHWAYS MAKE EXTENSIVE USE Ot HEM. THROUGH THIS PARTICULAR GAP MARCHED 
and GENERAL SULLIVAN ’S ARMY ALONG THE ROUTE NOW Oc¢ PIED BY STATE HIGHWAY NO. 12. 
/ 
vhere 
oded sediments fell to the bottom near shore. building up to sea level and changing to 
ani Many show signs of deposition in shallow — land, subsided beneath its load. The 
sead vater. Yet thev are in their total many load, greatest near shore, lessened west 
How thousands of feet thick. ward im proportion to thinnine of beds 
thei Despite the amount of mud, sand, away from the coast. In time, a long, 
wep rravel and precipitates which the sea ac narrow lens or wedge of sediments 
* thi quired, it failed to fill up for a very long — evolved over the subsiding ocean bottom 
time. Kor some millions of vears, even along the western coast of Appalachia. 
as laver upon laver of sediments spread Because the bottom continued to sink, 
over the bottom, that bottom, instead of | roughly in proportion to the amount of 
i 
vA FIG. 3. PHYSIOGRAPHIC SUBDIVISIONS IN PENNSYLVANIA 
THE RIDGE AND VALLEY SECTION IS SHADED PARTLY FTER ASHLEY. 
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thousands of feet of 
They were piled up 


sediment added, 
strata accumulated. 
remained COl- 


Such a 


in the sea, but sea level 
stant over the subsiding region. 
region, sinking under the weight of sedi- 
ments, is geologically dubbed a geosyn- 
cline or syneline of deposition. The proc- 
ess which adjusts the earth’s crust to 
keep the 


layers, IS complicated. 


pace with growing load of 
Its sponsors are 
the geophysicists who refer to it as 
aostatic ad justme nt. 

Here in the Appalachian geosyneline, 
originated the rocks of our present-day 
landscape. The old seaway eneendered 
Examine rock cuts along 
There 
are lavers of gravel, sand, mud, limy beds 


Some 


our mountains ! 
mountain-penetrating highways. 


turned to solid rock. beds are 


filled with fossil sea shells. Others per- 
haps are marked by tracks of ancient, 
More may 


erawline creatures. enclose 
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DIAGRAMS 
GEOSYN 
THI 


DIFFERENTIAL EROSION 











FIG. 4. CROSS SECTION 
THI 


DEPOSITION TO 


STEPS FROM 


DEVELOPMENT OF 


SHOWING SUCCESSIVI 


CLINAL 
MOUNTAINS. 


PRESENT APPALACHIAN 
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shreds and mats of an antique vegetab 


world. Besides these fossils, there ar 
also such false fossils as ripple mark 
formed where shallow water current 
stirred the mud and sand of rocks-to-b: 
Cracks show where the mud dried an: 
shrank at tide, 


finds the little dimples produced by rai 


low and perhaps on 
drops as a short, quick shower passe 
over mud exposed to the Silurian o 
evidence 
thes 


¢louds. Is clearer 


the 


Devonian 


needed to confirm origin of 
rocks ? 


flat 
these beds no loneer lie flat. 


Once lavers on the sea bottom 
Many ar 
folded and distorted far from their ori 
einal positions. Others are broken an 


crushed over their neighbors. Some time 


after these strata were deposited and 
had consolidated to hard rock, some 
thing happened to crumple them. Even 


tually, or perhaps during folding, the 
whole area was lifted bodily up, out of 
Not merely did it become dry 
actually it mountain 
heiehts the the 
waters of the inland sea had rippled. 
The 


building is obscure. 


the sea. 
land: rose to 


from area where once 


modus operand: of mountain 
The results are evi 
The changes since the time of the 
the have 


been something as follows, 


dent. 
geosyncline to present may 
The process called isostatic adjustment 
down finally alto 
As adjustment stopped, the sea 


slowed and ceased 
vether. 
bottom no longer dropped out as deposi 
tion loaded it. The sea filled up, a change 
the 


earlier 


evidenced in rock SUCCESSION 
Whereas the the 
svneclinal prism were formed in the sea, 
life, the 


water or 0} 


beds of ved 


and carry traces of maine 
latest ones formed in fresh 
land whos 
th 
eeosvncline was filled, Appalachia was 
so worn down that the supply of sedi- 
The fill 
ing of the geosyneline to form dry land 
and the final degradation of Appalachia 


One of those 


land and contain plants, 


residuum today is coal. Even as 


ments from that source ended. 


were synchronous events. 











PENNSYLVANIA’S 


jor earth paroxysms called a geologic 
olution followed. 

During such a revolutionary interval, 
nipressive forees fold and break the 
‘ks of the earth’s crust. In the Ap 
Jachian Revolution which affected the 
istern part of the United States, the 
Appalachia, was 


neient land mass, 


ushed bodily westward or northwest- 


ard. Squeezed vise-like were the CeO 
vnelinal sediments in its path. As snow 
s shoved before the advancing shovel 
dge or plow, so did the rocks pile up. 
Simultaneously, or immediately follow- 
ing the interval of compression, the re- 
rion of the geosyneline was uplifted, that 

Appalachia subsided. The relative 
altitudes of the two areas reversed them 
selves. The erstwhile sea-floored geo 
syneline became a region of folded rocks 
raised as the ancestral Appalachian 


The old 


went down, perhaps not at once, wholly 


\lountains. land to the east 
below sea level, but low enough so that 
now fresh-water, later on marine, sedi 
ments began to accumulate on its surface. 

Examine a little more carefully these 
rocks rescued from the bed of the ancient 
sea and raised in folded mountain chains. 
vary both in 
relative thickness of the individual strata 


They among themselves 
and in the physical and chemical fea- 
tures of the beds, that is, their lithology. 
formations are 


some whole 


lavers or 
soluble limestone, others soft shale. In 
contrast are those of hard and insoluble 
sandstone and beds of pebbly conglomer- 
ate 

Such unequally resistant beds, folded, 
raised and exposed to the elements, 
at different 
Every erack along the folds is an incipi 


weather and erode rates 


ent foeus of destruction at which ehemi 
eal and physical forces may attack. The 


hard or resistant outlast the soft or 


oluble. Slowly, by processes of rotting 


wav, Wearing away and carrying away, 


the long, parallel folds of rock were 


tched out to vield long, parallel ridges 


nd valleys. Yet these are not today’s 


MOUNTAIN GAPS Sy 





FIG. 5. WATER AND WIND GAPS 
DIAGRAMS SHOWING THI DEVELOPMENT OF THE 
GAPS. \ NEWLY UPLIFTED TILTED), PENI 
LANED SURFACI NDERLAIN BY FOLDED ROCKS OF 


\RYING HARDNESSES; CONSEQUENT STREAM PAT 


ERN DEVELOPED, B) SUBSEQUENT STREAM PAT 
TERN DEVELOPED, THE MASTER STREAM, LEFT, 
HAS MAINTAINED ITS COURSE ACROSS DEVELOPING 
RIDGES SECONDARY STREAM, RIGHT, HAS BEEN 
CAPTURED, LEAVING A WIND GAP. TRIBUTARIES 
ARE AD STED TO NON-RESISTANT, VALLEY FORM 
ING BEDS THE HARD, RIDGE-MAKING ELEMENT IS 
IN BLACK ON THE LEFT OF THE DIAGRAMS. 


relief features; another cycle of uplift 


and degradation came on. Given suffi- 
cient time, a factor with which eeologists 
are always generous, even the hardest 
beds would conceivably be reduced eS- 
sentially to sea level. The folded, raised, 


eroded region of eeosvneline-formed 
sediments was brought low to a nearly 
eastward 


featureless surface. Over it, 


wanderine wound 
to the not-so-distant 
Note well that 


westward as in the ancient 


rivers complacently 
Atlantic 


these streams ran east 


Ocean. 


ward, not 
days of the geosvneline and Appalachia 
Already 


owed. 


modernization was foreshad 


affected the de 
eraded or peneplaned folds. 


Onee again uplift 
Onee more 
the region was pushed bodily up even as 
high as the loftiest crests of the present 
Appalachians. But the rate of elevation 
was so gradual that the principal streams 
‘‘kept the noiseless tenor of their way.”’ 
Holding to 
inherited 


their original, winding 


COULSeS from old peneplain 


davs, rivers ancestral to the Delaware, 








*) 


Lehich, Schuylkill and 


> 
Potomac, some lesser, local streams, too, 


Susquehanna, 


continued to flow alone essentially the 
Beneath the 


surface of the 


lines already established. 


raised but nearly flat 


peneplain, erovelled folded rock-roots of 


The hidden 


resembled wood grain, parallel or con- 


humbled mountains. rocks 


verging bands. Like the well-worn, foot- 
wide floor boards of some colonial farm 
house, lone erosion might bring into re- 
lief hidden inequalities, Because some 


rivers were large, powerful, they eut 
cross-grain impartially through hard and 
soft The 


lesser side-streams, the small tributaries, 


rock bands alike (Fig. 5). 
Incapable of maintaining their courses, 
and 
flow 


soluble, non- 


adopted paths of least resistance 


presently adjusted themselves to 
alone the bands of soft or 
resistant rock. Where the master streams 
crossed such bands alone their valleys, 
the tributaries 
them. 
was etched out into a series of parallel 
and the 


established rocky grain of the country. 


made confluence with 


Again, the whole, risine surface 
carved from 


ridges valleys, 


Through the ridges the mightier rivers 
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Dow 
the side vallevs the lesser water cours 


cut deep gashes, the water gaps. 


meandered to join the master streams, 
On some clear day stand atop one o 
How 
Sight away off across adjacen 
Note the Laps ; 
also how ruler-straight is many-a ride 


our ridges. long and straight i 
looks! 
mountain tops, but se 
top. Can it be that each ridge crest i 
a trace or remnant, a part of the ancient 
Such is the explanation 


Each ridge Is composed of harder POCK 


peneplain ? 


Which remained upstanding as a remnant 
soft 
valley S, deeply eroded below 


out i 
the 


while beds were eoueed 
pene 
plain surface. 

The story behind the gaps is not quite 
We have still to tell how the wind 
into the 

During 


cutting and valley 


done. 
vaps fit 
etching. 


scheme of 
the 
erosion when the old 


landscape 
process of fap 
peneplain was risine, there were certain 
streams, now extinct, whose courses lay 
the grain. For 
another thev failed to 
eventually 


across one reason or 


maintain those 
diverted to 
But, dur 


ing the time when they were engaged in 


COUrSeS, were 


easier, grain-parallel routes. 





FIG. 6. IN THE 
NOTE THE LONG, 


VALLEYS ARE CUT IN SOFTER ROCK, 


RIDGE AND VALLEY SECTION OF 
EVEN-CRESTED RIDGES UNDERLAIN 
ONE OF THE 
IS BREACHED BY 


aa: oe fee — * Pe 


COUNTY 


FULTON 


BY UP-TILTED, HARD BEDS, THE INTERVENING 


RIDGES IN THE MIDDLE DISTANCE IN THE PICTURE 


A GAP. 





ite 
nd 
pe 
Ap 
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FIG. 7. SKETCH MAP OF PENNSYLVANIA 
OWING PRINCIPAL RIVERS, WATER AND WIND GAPS AND IMPORTANT TOWNS MENTIONED IN THI 
ANTHRACITE FIELDS ARE IN BLACK, KEY: WD, WIND GAP; WT, WATER GAP; G, GETTYS 
‘G; HBG, HARRISBURG; HD, HOLLIDAYSBURG; HON, HONESDALE; JOHNSTOWN; LH, LOCK 
HAVEN; MC, MAUCH CHUNK; PITBGH, PITTSBURGH; PHILA, PHILADELPHIA; SUN, SUNBI Y 
ransecting the resistant bands, appreci- journeys blazed sunset trails for the 


able gaps were made. With stream di- 


ersion, such notches were left dry, 
terally thrown to the winds. So, each 
nd gap today marks the deserted 
haunel of a defunct river. What has 


been the influence of these wind gaps and 


ater gaps upon man and his works 


d movements? 


MAN Uses THE GAPS 
Early Strategic Importance 


In Colonial days, few white men from 
penetrated the 
Mountains in the region of Pennsylvania 
The broad path of the 
Hudson and Mohawk valleys to the north 
as early known and used. About the 
ear 1732) men along the 
‘otomae in Virginia entered the Shen- 


ndoah Valley. 


¢ 


Appalachian 


the east 


nad southward. 


moving out 
Twenty vears later the 
drops of the great stream of mi- 
ints began to pass from Pennsylvania 
| Marvland into the headwaters of the 
. To the south Daniel 


> ’ 
Boone S 


people of North Carolina and Virginia. 
While Boone’s Wilderness Road led into 
Kentucky and Tennessee, others pene 
trated Pennsylvania from Philadelphia 
Pittsburgh 


and from Baltimore out alone the Poto 


to the region of present-day 
mac Valley. Of these, Boone’s was prob 


ably most used in pre-Revolutionary 
is said that several thousands 


All of 


these advances followed through or were 


day e 
ot people passed over it yearly. 
influenced by natural topographic 
that is, river vallevs and moun 
Such 


routes ; 
have 

the 
Atlantic seaboard west through the Ap 


tain gaps. natural routes 


ever since dominated travel from 


palachian barrier. 


the relation to trans 


montane journeys of Colonial times, the 


In contrast to 


mountains served as a welcome rampart 
the 


savages bent on exterminating the white 


and protection against revengeful 


usurpers of their ancestral homes alone 


the coast. The mountain gaps, con 
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versely, were at times a genuine menace 
rather than an asset. For ages the red 
men had traveled them. Through them 
threaded the war and hunting parties. 
They were routes of savage migration 
With the establish- 


ment of the whites on the lowlands to the 


and primitive trade. 


east, the gaps became ideal Indian ports 
of sortie upon the unwelcome settlers. 
This was particularly emphasized dur- 
the conflict the Freneh 
Indians. Facing each important gap, a 


ine with and 


blockhouse presented its sturdy walls 


against surprises. Many of these stra- 
tegically distributed forts from the Dela- 
ware to the Susquehanna were erected 
through = the 
Franklin. Typical 
those at the Lehigh Water Gap, which 
figured conspicuously in frontier forays 


foresight of Benjamin 


of defenses were 


and bloody Indian fights. A blockhouse 
is reported to have existed as early as 
1739 near the present town of Northamp- 
ton Northampton County. Later 
forts both the river 
below the Gap. Such forts were usually 


euarded sides. of 
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with | 


small, octagonal structures 
holes and a door but no windows thro 
Today tl 


Sites 


their two feet thick walls. 
ot 
vanished others are appropriately ¢ 


remain few these forts. 
memorated by markers and monuments 
Names, of 


wars, ¢ling as in Fort Hunter, Forty F\ 


too, reminiscent our ea 
and Fort Louden. 

White men made militarv use of 
eaps during the last of our colonial wars 


When ill-adapted 


trudged arduous miles westward across 


Braddock "s Troe 


southwestern Pennsylvania against F\ 
Duquesne, every advantage was taken 


such gaps as there are in our mor 
southern mountains. Wagon trai 
meant wagon roads. Braddock’s Ro 
became in time one of our princip 


routes of travel to the west, and parts a 


Incorporated today into our mode) 
highways. Because Braddock’s road was 
built the 
George Washington, we may truly nu 
the First those 


responsible for the beginnings of 


partly under direction 


ber President amone 


() 





FIG. 8. 
THI 


OLD 


LOCATED IN BERKS COUNTY. FORT THI 


Is 


INDIAN 


SMALL 


FORT 


STONE BUILDING WITH A CONICAL ROOF, 
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ther 
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Bedford 


sent highway — system. 

nty had its first permanent white 
tlement in 1750 at ‘‘ Rawstown.’’ Five 
ars later, 1755, a wagon road was 


ened from Fort Louden west to join 
Road in County. 
urther development came when Forbes’ 
fort at Bedford, 1758. 
trail called Nema 
olin’s after the Indian euide. Begun at 


Somerset 


sraddoek’s 
rin erected a 
Forbes followed a 
Cumberland, 
somewhat north of 
Youghiogheny, utilizing a 
The 


‘*Great Crossing’ 


Korbes’ Road pursued ¢ 
west course to the 
number of 
intersected the 


small road 


River at the 


eaps. 
south of 
the present town of Somerfield. 

Military uses of the gaps again figured 
n the Revolutionary War. As _ before, 
the mountains formed a barrier, but the 
The Wyoming 


massacre effected by a British raid down 


eaps had to be defended. 


the Susquehanna, was a realization of an 
attack such as was constantly feared. 
Before the close of the war, the Colonia! 
troops of General Sullivan’s punitive 
expedition into western New York were 
This 


military use of the gaps. 


instance of 
Setting out 
from Easton, Pennsylvania, in the early 


on the march, is an 


summer of 1779, Sullivan’s army. tra- 
versed the Wind Gap (Fie. 2 
Tannersville, at that time an outpost of 


}, Went past 


Vilization, over the Pocono Plateau to 
Fort Wyoming (now Wilkes-Barre 
thence up the Susquehanna Valley into 
New York, 


an, Colonel 


and 


In collaboration with Sulli 
Daniel Brodhead led an 
other party up the West Branch of the 
Susquehanna into northwestern Pennsy1 
vania. Fort Augusta (Sunbury today 

at the forks of the Susquehanna was a 
hase of supplies. So, in these tre Op move 
ments during the War for Independence. 


1} ’ 
Lif 


‘iver routes and the gaps proved the 


best lines of march. 


Roads and River Boats 
The Revolution 
teady 


was tollowed by the 


increase in westward movement 


bia es 


MOUNTAIN GAPS }] 
of a people which until then had re 
mained essentialls confined to the sea 
The 
expand across the mountains into the 
fabulous Ohio Valley With the 
removal of Indian menaces, river-follow- 
through 


into the 


board. nation was determined to 


lands 


ine trails became roads which 


improvement gradually grew 
main communication arteries of the early 
Typical of these was the Na 


Cumberland 


Republic. 


tional Road or Turnpike 
which was built durine the vears 1808 to 
1817. It connected the Potomae with the 
Ohio. Slowly, but acceleration, 
into tote 


wavon-roads in 


with 


erooked Indian trails evolved 
pack-roads and 
‘*Practically the 


day system of travel and transportation 


roads, 


turn. whole present 
in America east of the Mississippi River, 
Including many turnpikes, is based upon, 
or follows, the system of forest paths 
established by Indians hundreds of vears 
avo.’’' Gradually, horses and ‘‘shanks 
mares’’ were displaced by carriages and 
coaches. First introduced as publie ve 
730, it 


not until lone afterward that the coach 


hicles in the Colonies about was 


was used in trans-montane journeys 
The need ot better roads developed SOOT! 
with the increase of 
Alleghenies. The first 


provement appears to 


travel across the 
fundamental im 
have been in re 


sponse to the se ot wheeled vehicles, 


when a reasonably firm surface became 
Imperative. Even after coach roads were 
well established in the east, it was impos 
sible to go west by this means. A journey 
Philadelphia to Pittsburgh 
the Revolution permitted the use 
140 


miles: the remainine 170 had to be made 


from soon 
aiter 
ot the 


coach only to Shippensburg, 


a-foot or a-horseback Kor freight trans 
port, the pack train presently was super 


ceeded 


of the prairie schooner. 


by the Conestoga wagon, ancestor 
These 


aS MUSeCUTM pleces ; 


famous 
vehicles are gone save 
but the name is immortalized, 1f not too 
honorably, in those all powertul ciars, 


1) inbar, Sevmour, ‘* \ H 


toryv of rave l 
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MASONRY 


FIG, 9. CRUMBLING 


the ‘‘stogies’’ or ‘‘conestogies’”, Reput- 
edly, none but the cast iron constitution 
of the driver of a Conestoga (‘‘Stogie’’) 
wavon could survive this species of fumi- 
Roads continued to press west- 
| The 
Cumberland Road was eventually ex- 
tended into the Mississippi Valley as the 


gation. 
ward, even bevond the mountains. 


main east-west route from the Original 
Thirteen to the newly admitted Middle 
Western States. Over it 
couches, freight wagons, pack trains in 
construction 


streamed 


interminable parade. — Its 
was partly dependent upon the use of 
water gaps in overcoming the mountains 
that lav across its path. 

But even as the Pennsyvlvania-made 
‘Kentucky’? rifle cleared the forests of 
Indians and the Pennsylvania-invented 
wagon hauled the settlers’ 


the new roads, accounts of 


Conestoga 
“OOdsS alone 
another means of transportation were on 


men’s tongues. This means was water 


REMAINS OF ONCE 
THE LOCKS PICTURED ABOVE ARE ON THE SCHUYLKILL CANAL ABOVI 


LOCKS 
BERKS COUNTY. 


BUSY CANAL 
HAMBURG, 
travel. The canal did not come into im 
mediate use. Its development as a low 
evrade route was antedated by earlier and 
cruder trials of methods of water trans 
was 


portation. In the beginning use 


made directly of unimproved, natura! 
Waterways. 

The Indians had devised two types ol 
boats, the bark canoe and the dugout o1 
Civilization brought larger and 
Several 


pirogue. 


more serviceable craft. types 


were developed for river navigation 
among them the ark, barge and keel boat. 
The name pole boat was in common ust 
designating almost any type which was 
worked laborously upstream by means of 
poles pushed against the bottom by the 
on the other hand, was 
affair in 
tended merely for floating down strean 
Arrived 


The ark, 
heavy-timbered 


crew. 


a massive, 


largely as the current willed. 
was commonly 


timbers. The 


at its destination, it 


broken up and sold for 


OW 
und 
ns 
Vas 
ral 


nd 


ES 





— 








PENNSYLVANIA’S 


was built lighter, more alone the 
of a canoe. It could be pushed up 
mn. Some barees were fitted with a 
with a 


and sail and provided 


for crew or passengers. (ft 

iarlv Pennsylvanian origin was the 
hirham boat capable of carrying some 
It differed from 
lacked the dis- 


to 20 tons of freieht. 
keel boat in that it 
‘tive keel of the latter, though pro 
“| with mast and sail. Timber rafts 
» also plentiful. Hundreds of them 
nually came down the Susquehanna 
Harrisburg with high water. 
Originally most of the boats carried 
farm furs and pas 
nvers. With the growing exploitation 
of anthracite, various types of craft were 


mber, produce, 


sed as coal-bearers. By them, anthra- 
te could be shipped to Philadelphia 
nd other seaboard destinations. Steam 
vigation of the shallow rivers of Penn 


A line of 


small, shallow draft steamers is said to 


svVivania proved a failure. 


e operated on the Susquehanna and 


Juniata as far as Millerstown, but it was 


on abandoned. Ice in winter and low 
vater in summer proved two costly In- 
rruptions or hindrances to navigation. 
So, through adoption and adaption 
several boat types, the rivers were put 
use. Once more the gaps saw a new 
pe of transportation taking advantage 
' such convenient passages of the moun 
us. In the river craft, the coming of 


canal was hinted. River boats at 


MOUNTAIN GAPS {3} 


best were a makeshift. Indeed, it was in 
the very fact that they were makeshifts 
that the idea of canal building found its 
support if not its Inception. For vears, 
the people had believed that the rivers 
afforded sufficient channels for all com 
mercial navigation However, it) was 
that 


pally rapids or falls, along the streams 


realized certain obstacles, prince! 


were serious problems to the river boats, 


ry 
There 


especially in times of low water 
} proposed that 


fore, it was presently 
niealls oft by passing these barriers he de 
Even before the 


vised and installed. 


Revolution, in the early 1760’s, publie 
agitation called for and suggestions were 
made to Improve water transportation 


alone the Susquehanna River and. the 
Schuylkill. 


recommended 


Benjamin Franklin earls 
betterment of the water 
ways, if not the actual construction of 
canals. In 1772 he is reported to have 


advocated improved navigation condi- 
tions along the Schuylkill with a view to 
At that time, 
be it reiterated, coal was not an article 


Georee Washineton, too. 


opening the back country. 


of river traffic. 
seems to have been impressed, doubtless 
in part because of his experience in sur 
veving. He was influential in promul 
plan for 

With 


a view to opening navigable water com 


gating as far back as 1784, the 
the Chesapeake and Ohio canal 


munication through to the West, surveys 
were made and reports submitted 








HOPI SNAKE HANDLING 


By Dr. MISCHA TITIEV 


DEPARTMENT O} 


Ever since 1884, when the Snake 
Dance of the Hopi Indians was first 
described in detail, attention has cen 


tered on that portion of the ritual dur- 
ing which some of the performers carry 
live snakes, including dangerous rattlers, 
dangling from their lips.' Again and 
again observers have wondered why it is 
that venomous reptiles are so freely 
handled, vet rarely is a Snake dancer 
bitten, and never has a fatality been 
reported among participants in the cere- 
mony. Many been pro- 


posed to account for this phenomenon, 


theories have 
some writers attributing the searcity of 
accidents to the remarkable skill of the 
snake handlers; others quoting members 
of the Snake Society who have claimed 
that they are immune to harm if their 
characters are good; and one author 
referring vaguely to a medicine which 
may stupefy the reptiles while they are 
being carried in the mouths of the per- 
formers. 

On the whole there seems to be little 
need for postulating the use of drugs or 
the possession of any extraordinary or 
for the 


Injuries to the 


mysterious quality. to account 
relative infrequencs of 
Snake dancers. Such unwarranted ‘ex 
have been completely (lis- 
missed by L. M. Klauber, 
reptiles at the Zoological Society of San 


Dieg@o, who has expressed the belief that 


planations”’ 


eurator of 


accidents are rare partly because most 
rattlesnakes bite far less frequently than 

1 In reality, the so-called Snake Dance is only 
a brief publie spectacle which comes as the cul 


mination of a nine-day esoteric ceremony. One 
of the fullest and most accurate descriptions of 
the entire ritual may be found in G. A. Dorsey 


‘<The Mishongnovi Ceremonies 
> Chi 


and H. R. Voth, 
of the Snake and Antelope Fraternities,’ 
Field Columbian Museum, 1908. 


72H: 
CAPO: 


ANTHROPOLOGY, | 


NIVERSITY OF MICHIGAN 

is commonly thought, and partly becatis 
all reptiles tend to become lethargic ; 
docile after they have been handled 
captivity for a number of days.? It n 
that Hopi dancers are fai 
clever snake handlers, but in Klaube 
opinion they are bitten just about 


well be 


often as would be the case amone a co 
parable number of white men who | 
been trained to deal with snakes. 

If it be granted that native performer 
are actually stricken by venomous rr 
tiles from time to time, as our records 
reveal, how does it happen that they si 


dom show ill effects and apparent 
never suffer death ?*? To this question f 
conventional answer has been that. thi 


Indians possess a secret medicine whi 
serves as a potent Immunizer or antidot 
However, when tested in the laborator 
the Hopi remedy has failed to show ai 
This by D 


Coleman, who once manag‘ 


efficacy. was established 
George E. 
to secure about a pint of the reputed 


Hopi antidote with which he eonduete 


4 


experiments on a number of guinea pig 
Unfortunately, the liquid was no lon: 
fresh at the time that the wi 
made, but under the prevailing cond 
tions, Dr. Coleman concluded that ‘‘th: 
antidote certainly does not neutralize f 


tests 


venom in vitro.’”4 


Since there that 
Hopi medicine POSSeSSes env therapeut 

>L. M. Klauber, ‘*A 
of the Hopi Snake Danee,’’ Bulletin No. 9, ! 
ological Society of San Diego, 1932, p. 32. 
example, J. W. Journal 
Ame Folk Lore, oO: tells ot 
dancer who was bitten, presumably by a ratt 


Yet, his 


is no indieation 


Herpetological Revi 


Few kes, 
1908, 


rican 280, 


*“wound was not fatal, nor did his h: 


swell up, as ordinarily happens a few ho 
after such a mishap.’’ 
4G. EK. Coleman, Bulletin of the Antivenin 


stitute of America, l: 99, 1928, 








HOPI SNAKE 
we must seek some other explana- 
| wv the lack of serious consequences 
snake men are bitten by venomous 

es, This brines us to the crux of 

are the poisonous snakes 


‘“*milked’’ of their venom, 


| problem 


ved, or 
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the part of the 
In any 
whatsoever the 
Still another writer, 


absolutely no attempt on 


Hopi to extricate the fangs or in 


other way to render 


shakes harmless. ”’ 
one never eiven to understatement where 


the American Indians are concerned, 











ue time prior to the public portions Waxes almost hysterical at the accusation 
‘ ‘ the ceremony? These points have that the Snake Dance is a fake because 
7 widely debated, and a review of the the reptiles have been made safe. ** Any 
dn iture pertaining to the Snake Dance one who knows anything about rattle- 
nage ‘ly reveals that the great majority of | snakes,’’ he maintains, **knows that they 
site rs favor the proposition that the Cah hot be rendered harmless except by 
wi les are not rendered innocuous by — killing them. For the snake dance, their 
ng of these methods. This attitude fangs are not extracted the snakes 
“es s first expressed in 1884 when Bourke are certainly not rendered innocuous. 
‘Let it not be imagined that these Such has been the prevailing opinion 
ces were harmless, that their fanes until recent times. While it is true that 
26 heen extracted. . we were all none of the authors quoted above had 
os vinced that they had been subject actually examined any of the reptiles 
eg no treatment whatever.’’ Nearly carried in the dance, their conelusions 
nty vears later, Dr. Dorsey took a have occasionally been given weight by 
- similar stand. ‘‘This much may be said the observations of trained herpetolo 
th th confidence,’? he wrote, ‘‘there is G. A. Dorsey, ‘Indians of the Southwest, 
a a me Ce Bourke, ‘“*The Snake-Danece of the p. 154. Santa Me, 1903. ; 
a iis of Arizona,’’ p. 140. New York: C. F. Lummis, Sunset Maga y 
te ( s Scribner’s Sons, 1884. Lod. 
Or\ 
nn) 
Dr 
re(| 
ted 
ted 
a 
li 
aL 
he 
: Field Miecuin of Naterat Wistory 
FIG. 1. THE START OF A SNAKE HUNT 
i SERS OF THE SNAKE SOCIETY AT ORAIBI LEAVING THEIR KIVA TO HUNT FOR SNAKES ON ONE O! 
i DAYS PRECEDING THE PUBLIC DANCE. NOTE rHE LONG DIGGING STICKS WHICH THEY CARRY. 
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e 


gists. At the Walpi 
18835, for example, an 
mck. 
before the public dance, se- 
rattler at 
“upon prying its mouth open, he found 


performance  ¢ 
army 
hamed Yarrow entered the snake 
kiva just 
random, and 


lected a laree 


the fanes intact and of large size.”’ 
Furthermore, at the conclusion of this 
same ceremony, two rattlesnakes were 


captured and sent to the National Mu- 
seum where Dr. S. W. Mitchell reported 
that ‘** Their had 
turbed. 


fanes not been dis- 

The view that the reptiles are not de- 
fanged received additional support from 
Klauber after he had the 
Snake Dance at Mishongnovi in 1931. 
During this performance, Klauber and 
his son independently noted two rattle- 


witnessed 


confluentus confluen- 


their 
when their mouths were open, an indica- 
tion that the had neither 
SC. Mindeleff, Science, 8: 12, 
Idem. It should be noted that no proot was 
ever offered to show that the 
by Yarrow and Mitchell had actually been used 


shakes (Crotalus 


tus) which revealed fane sheaths 


fane's been 


1886. 
rattlers examined 


in the danee. 





iu 
Field Museum of Natural History 


FIG. 2. INSIDE A SNAKE KIVA 
YOUTHFUL MEMBERS OF THE SNAKE SOCIETY 
GUARDING THE REPTILES WHICH ARE SOON TO BE 

USED IN THE SNAKE DANCE. 


doctor 
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On the basis 
observations. 


removed nor cut short. 


these personal cOuy 


with a thorough examination of 
publications pertaining to the subj 
that ‘‘the 


the non-disturbanece of the = fanes 


Klauber concluded case 
proven. 

Nevertheless, in the light of a mass 
recent data, it is no longer possible 
regard the issue as closed ; for it can 1 
be demonstrated that the Hopi do, 
least on some occasions, defane tl 
The first writer to uphold this 
was E. S. Curtis, 
pressed considerable surprise at the lac 
stude 


snakes. 
viewpoint who ex 
of skepticism shown by many 
of the Hopi, and who quoted an expe 
enced snake performer to the effect thia 
the rattlesnakes are ‘‘rendered absolut: 
the 
' During the course of a fi 


harmless by removal of — the 
fangs.’”! 
trip to the Hopi in the summer of 1932 
[ encountered my first bit of evidence 

support of Curtis’ position.  Togethe 
with other members of the party of wl 

I was a member, I was present at Orail 
when an elderly native, formerly e) 
rolled in the Snake Society, voluntar 

began to deprecate the ceremony beceais: 
it failed to bring rain and because 


snakes were defanged. In pantominy 
the speaker showed us how a snake’s ope! 
mouth was rubbed up and down against 
something that protruded upward fron 
the ground. At the time very little at 
tention was paid to the old man’s 
marks because he spoke so little Enelis 
that we could not be absolutely certa 
of his meaning, and because he had lo 
been a convert to Christianity and the 
was a possibility that he was seeking 
discredit his former religion. 

Several vears later this little epis 
took on an added significance when t 
defanging wi 


similar reports — of 


brought to the writer’s attention fr 


L. M. Klauber, op. cit., p. 39. 
Curtis, ‘‘The Nortl 


136, 1922. 


11K. S. American 


dian. ’? 12: 


| 
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er sources. Once again the informa- 
came from Christian Hopi, who, 
vine abandoned their native faith, 
now seeking to malien it. How 

r, both men were giving their testi- 

nv to an official of the Office of Indian 
\ffairs, and inasmuch as some of their 
evidence has since been corroborated by 
unimpeachable investigator, it may 
vell be that there are elements of truth 
their depositions. One witness. ex- 
plained that he had been greatly fright- 
ened when he was ordered to cateh the 
first snake during his novitiate, but that 
the snake chief had later revealed ‘‘that 
they had extracted the snake’s fangs, 
teeth and poison sacs before calling him 
ip to bag it.’’'? The speaker then went 
m to say that the operation was secretly 
performed with a hoe-like instrument, 
and that the poisonous snakes were ex- 


“y))) 
daft 


ned prior to the dance to make sure 
that their fanes had not grown back. 

A second witness, testifying in the 
same vein, gave additional details. <Ae- 
cording to his story, when he was a 
novice an experienced snake man named 
Satsiki had instructed him ‘‘to place his 
snake stick with the butt end in the 
rround, and the flat end in the air. 
Satsiki then seized the snake just back 
of the head, squeezed its jaws, to force 
them open, and rubbed the jaws alone 
the flat side of Deponent’s snake stick, 
thus breaking out the snake’s fanes and 
teeth, and squeezing out the poison Sacs. 
He then told Deponent : ‘This is the wav 
we treat the snakes, so as not to be bit 
ten.’ ’'* Later on in his testimony, this 
vitness also claimed that the snakes are 
examined before the dance and are again 
lefanged if necessary. 

Such statements by renegades from 
their native religion might well be dis- 
missed as biased and untrustworthy were 
| not for the fact that they have recently 

eived striking confirmation in at least 
Taken from a transeription of a report in 
files of the Office of Indian Affairs, 1920. 
Idem. 
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Field Museum of Natural History 
FIG. 3. THE ORAIBI SNAKE DANCE 
IN THIS VIEW THE CARRIER IN THE FOREGROUND 


IS STILL DANCING WITH A SNAKI AT HIS LIPS, 

WHILI THE YOUNG GATHERER AT THE LEFT IS 

ABOUT TO PICK UP A REPTILE WHICH ANOTHER 
DANCER HAS RELEASED. 


one instance. At the close of the Chimo 
povy Snake Dance on August 24, 1932, 
C. M. Bogert, now assistant curator of 
herpetology at the American Museum of 
Natural History, followed one of the per- 
formers and watched him liberate his 
quota of reptiles at a shrine. As soon as 
possible after the dancer had withdrawn, 
Bogert hurried to the spot and succeeded 
in capturing a single rattler which had 
not vet escaped into the open. His pub 
lished account of this adventure is 
directly pertinent to our discussion : 

In the sanctum of a gully not far from thi 


shrine, a stop was made to examine the rattle 


snake in case anything were to happen which 
might not later allow us the opportunity to do 
so. From Klauber’s observations, and from the 
accounts of most ethnologists except Curtis 

I fully expected to find the venom ap 
paratus intact. Therefore, # was something of 
a surprise, upon prying the snake’s mouth open 
with a pencil, to find the fangs entirely lacking 


t 


and obviously removed. With the object Oo! 
learning something regarding the eondition of 
the venom glands, pressure was applied with the 


egion, but no 


thumb and finger to the proper 
venom, at least none recognizable as such, was 
forced into the mouth. Of course, with the 
fangs removed, it would be difficult to observe 
and identify a discharge of venom.14 

14(. M. Bogert, Copeia, No. 4, 1933, p. 220. 
A fuller account of this entire affair has re 
cently been published by Bogert in Natural ITis- 


tory, 47: 276-283, 1941. 
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“ih 2 . “ 7 Oe] 
Field Museum of Natural History 

FIG. 4. AN EARLY STAGE IN THE HOPI SNAKE DANCE AT ORAIBI 
MEMBERS OF THE SNAKE SOCIETY (ON THE LEFT) AND OF THE ANTELOPE SOCIETY (ON THE RIGHT 





ARE SINGING IN UNISON, AT THIS STAGE THE REPTILES ARE HIDDEN WITHIN THE COTTON-WOOD 
SHELTER AT THE EXTREME RIGHT 


& * 


: Field Museum of Natural History 

FIG. 5. THE ORAIBI SNAKE DANCE IN PROGRESS 
THE CARRIER IN THE CENTER STILL HOLDS A SNAKE TO HIS LIPS, WHILE THE CARRIER AT THE LEFT 
IS ABOUT TO RELEASE A SNAKE WITH WHICH HE HAS FINISHED DANCING, SPECTATORS WATCH FROM 


rHE ROOF TOPS OF THE NEAR-BY BUILDINGS. 
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In order to have his own examination 
made in the field confirmed, Dr. Bogert 
later sent the snake to Klauber. Under 
date of September 16, 1932, Klauber 
sent a letter to Bogert which reads in 
part: 

I pickled the snake last night and found as 
you had supposed that apparently not only the 
functional fangs had been removed, but all of 
he rudimentary fangs as well. In fact, it would 
ppear that the sockets in the maxillary which 
normally hold the functional fangs, were com- 
pletely extirpated. This has been done with a 
knife as indicated by cuts rather than tears, 
nd on the whole it was rather well done, if you 
forget the snake’s feelings in the matter... .’’ 

Thus, within a period of nine months 
after he had coneluded that ‘‘the case 
for the non-disturbance of the fangs is 
proven,’’ did Klauber cheerfully admit 
that the opposite was undoubtedly true 
in at least one instance. 

Of course, as Bogert is careful to point 
out, the discovery of a single defanged 
rattler does not imply that all the dan- 
verous reptiles are defanged; nor must 

e forget that Yarrow and Mitchell had 
found rattlesnakes which had not been 
operated upon. In the latter instance, 
llowever, there is still the possibility that 
the Indians had resorted to the simpler 
method of rendering the snakes harmless 
by ‘‘milking’’ them of their poison. It 
is significant that even at the time when 
Klauber was convinced that the Hopi did 
not defang their snakes, he had indulged 
in an interesting bit of conjecture on 
this score. ‘‘To my mind,’’ he wrote, 
‘the removal of the venom... would 
be so easy and safe, and so much more 
difficult to detect, that this is a more 
plausible explanation of how the Indians 
handle the snakes so fearlessly and with 
so few adverse effects. ™ 2s then 

°C. M. Bogert, Copeia, No. 4, 1933, p. 220. 
It should be noted that the euts which Klauber 
mentions might possibly have been inflicted by 
the metal-bladed digging sticks which the Snake 
men carry when they go to hunt for snakes on 
four successive days prior to the publie dance 
(see Fig. 1). In recent years the men often 
carry knives on these occasions. 


16 L. M. Klauber, op. cit., p. 41. 


goes on to state that the removal could 
readily be accomplished by letting the 
reptiles strike at some soft object, or by 
manipulating their venom glands. 

This hypothesis finds support not only 
in the testimony of the Christianized 
natives cited above, but also in the words 
of a faithful Hopi. In an interview with 
Stephen in 1885, Wiki, an orthodox Hopi 
official, who had long served as Antelope 
ehief of Walpi, remarked, ‘‘The snake 
whip is used to cause the snake to strike 
at it repeatedly and exhaust the venom. 
As soon as the venom sae is empty the 
snake straightens out, and he is then 
seized.’"!* Thanks to Wiki’s authorita- 
tive testimony, it is plainly evident that 
even if the Hopi do not invariably de- 
fang dangerous reptiles, they may still 
render them harmless by a ‘‘milking’’ 
process. 

Armed with the knowledge that the 
Hopi do, at least occasionally, take pains 
to make their snakes safe, we may now 
venture to read somewhat between the 
lines in a few of the earlier publications, 
in order to point out the strong prob- 
ability that the members of the Snake 
Society have long conspired to hide their 
treatment of snakes from white ob- 
servers as well as from their fellow 
tribesmen. To begin with, it should be 
explained that whereas the Hopi have 
sometimes permitted spectators to watch 
nearly the entire schedule of rites, they 
have usually managed to secure privacy 
just before the public dance begins, and 
on the oceasion of snake hunts. For ex- 
ample, Bourke reports that he and his 
companions were allowed ready access to 
the snake kiva at Walpi in 1881, but just 
as the public exhibition was about to be- 
gin one of the old men persuaded them 
to leave lest their clothing be stained by 
the paint which the dancers were apply- 
17 A. M. Stephen, Hopi Journal (E. C. Par 
sons, ed.), New York: Columbia University 
Press, 1936, p. 585. The Antelope Society, of 
which Wiki was the chief, is a partner of the 
Snake Society, and combines with it in the per 


formance of the rites. See Fig. 4. 
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ing to their bodies.** To any one who 
has ever lived in a Hopi pueblo the old 
man’s ruse is perfectly clear, for the one 
thing to which elderly Hopi are most 
completely indifferent is dirt of any 
description ! 

Even more revealing 
fuges employed to keep spectators from 
witnessing the snake hunts. Uninitiated 
tribesmen are kept away by a stock de- 
vice of Hopi ceremonialism. They are 
warned that those who trespass on the 
hunting grounds will either be stricken 
with fatal swellings (a disease suppos- 
edly controlled by the snake cult), or 
else they will be forced to join the Snake 
Society, a contingency which is dreaded 
by the average Hopi. As for white men, 
either they are simply requested not to 
come into the neighborhood of a snake 
hunt, or else they are told that the pres- 
ence of strangers will interfere with the 
success of the searchers. The language 
in which Stephen was forbidden to join 
a party of hunters is particularly signifi- 
eant. ‘‘They say it will be bad for the 
young snake members who are to eatch 
their first to-day,’’ he com- 
ments.'® It is only when we recall the 
vivid testimony of the Christian depo- 
nents (vide supra) that we ean fully 
appreciate why the presence of a white 
man would have been ‘‘bad’”’ for the 
novices. 

Perhaps the strongest ‘‘between-the- 
lines’’ testimony of all is to be found in 
the Reverend H. R. Voth’s account of 
an incident that occurred at Oraibi in 
1896. When it was learned that Voth 
was bent on joining a hunting party, the 
older snake men became greatly upset. 
At first they merely insisted that his 
presence would make the search unsuc- 
cessful; then they literally begged him 
not to go along; and finally they offered 
to strike a bargain with him. As Voth 
relates their terms, ‘‘I could see and hear 
everything else, only I should do them 


are the subter- 


snakes 


18 J, G. Bourke, op. cit., p. 151. 
19 A. M. Stephen, op. cit., p. 608. 
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the favor and not go with them on the 
snake hunt’’; and when Voth agreed to 
these conditions, ‘‘a big burden seemed 
to have rolled from their hearts.’’?° 

On a different occasion, however, Mr. 
Voth did actually accompany a group of 
hunters from Oraibi. Unfortunately, he 
was afraid that he would not be able to 
keep up with the more vigorous search- 
ers, so he elected to follow the old snake 
chief who was ‘‘entirely blind in one eye, 
the other one being very poor,’’ and an- 
other man who was also ‘‘old and feeble, 
and also nearly blind.’ Needless to 
say, Voth saw no snakes captured, and 
we may imagine the laughter of the 
younger snake men at the prospect of 
Voth’s endeavor to discover their secrets 
by following a pair of feeble, dim-sighted 
old men. 

By one means or another the Hopi In 
dians have generally sueceeded in pre- 
venting outsiders from watching their 
snake hunts at Only 
Stephen has published an eye-witness 
account, but it is evident from his report 
that the snake which he saw taken had 
first been found by a distant hunter who 
had then ealled the rest of the party to 
him.?*, Had this man so desired, he could 
have operated on the creature 
summoning the others to watch its cap- 
ture—a trick which experienced Snake 
men apparently play on novices. 

In one instanee Dr. Fewkes showed 
Kopeli, head chief of the Walpi Snake 
Society, a hole in which he had noticed 
a rattlesnake, but Kopeli flatly refused 
to dig it out in his presence. Fewkes 
attributed Kopeli’s refusal to the great 
eare with which he was trying to ‘‘pre- 
serve this one feature of the ceremony, 
the capture of the reptile in the open”’ 

20H. R. Voth, ‘The Oraibi Summer Snake 
Ceremony,’’ p. 292. Chicago: Field Columbian 
Museum, 1903. 

21 [bid., p. 290. 

22 Quoted in Klauber, op. cit., pp. 68-69. I 
have not had an opportunity to check the orig 


inal source. 
23 J. W. Fewkes, op. cit., p. 277. 
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but somewhat naively, Fewkes overlooked 
the possibility that Kopeli might actually 
have been afraid of a genuinely danger- 
ous rattler. In support of the more 
realistic interpretation of this episode, 
we have Voth’s explicit statement that 
‘At any other time except during the 
ceremonial days, the members of the 
Antelope and Snake Fraternity seem to 
be just as much afraid of a rattlesnake 
as other people.’”* On a number of oc- 
easions Voth challenged snake men to 
pick up rattlers which he had discovered, 
but this ‘‘they very emphatically refused 
to do, saying that if they touched a 
snake while they were not ‘assembled’ 
they were just as liable to be bitten as 
any other person.’’?® 

As for the Antelope men, their fear 
of untreated rattlers may be so great as 
to border on the ludicrous. In one ease 
Voth dared a friend of his, an Antelope 
Society member, to pick up a rattlesnake. 
When he refused, Voth struck the snake 
a blow, picked it up and began to pur- 
sue his friend who ‘‘dashed away and 
screamed, evidently in genuine fear, 
crawled . .. under a wire fence, and 
ran away as fast as his legs would earry 
him... .’%5 Jt might be argued, of 
course, that the person whom Voth had 
so badly frightened was an Antelope 
man, and as such he may not have had 
the skill in handling reptiles that the 
snake men learn to acquire; yet, had this 
same individual been handed a rattle- 
snake by one of the gatherers at the pub- 
lic spectacle, he would have held it with 
apparent nonehalanee as he sang and 
rattled in the fashion prescribed for his 
group. 


SUMMARY AND CONCLUSION 
In the course of the Hopi Snake 
Dance the participants handle with im- 


24H. R. Voth, op. cit., p. 357. 
25 Ibid., p. 358. 
26 Idem. 


punity several varieties of reptiles in- 
eluding the prairie rattlesnake, whose 
bite may have very serious consequences. 
Nevertheless, dancers are rarely stricken 
and never fatally injured. This immu- 
nity results neither from the use of 
stupefying drugs nor from the employ- 
ment of therapeutic immunizers or anti- 
dotes. Instead, the safety of the per- 
formers is achieved partly by making the 
snakes docile through careful handling 
in captivity, and partly by resorting to 
such devices as defanging and emptying 
the venom glands. Although the latter 
practices have been frequently denied by 
fermer writers, a review of all the evi- 
dence available clearly points to the con- 
elusion that the Hopi can, and oceasion- 
ally do perform such operations ; perhaps 
with the metal-tipped digging sticks and 
feather ‘‘whips’’ which are part of the 
Snake Society’s equipment. 

It would be unwarranted, in the pres- 
ent state of our knowledge, to claim that 
all the rattlesnakes used in the ceremony 
are made harmless; but on the other 
hand, it can no longer be maintained that 
the snakes are never treated or that the 
Hopi dancers are recklessly indifferent 
to the dangers of venomous snake bites. 
In all likelihood, future researches will 
reveal that the major operations are per- 
formed systematically, according to some 
pattern of ritual procedure that has not 
yet been discovered. Indeed, it is al- 
ready reasonably certain that the great- 
est care is exercised to render rattlers 
innocuous on those occasions, like snake 
hunts, when novices are about to handle 
them for the first time. In my opinion 
this is done both to protect the tyros 
from harm, and to inspire them with the 
necessary confidence so that they may 
perform in publie with that air of calm 
indifference to great danger which makes 
the snake dancer a hero to his own 
people, and an object of awe and admira- 


tion in the eyes of white spectators. 








OCCUPATIONS OF EMINENT MEN 
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OCCUPATION is an important considera- 
tion in studies of eminent men for two 
reasons. In the first place, the achieve- 
ment for which a man gains recognition 
is usually directly associated with some 
vocation or occupation, whether or not 
All 
men, including those socially recognized, 
ean be classified according to the field of 
endeavor in which they have been active. 
In the second place, and of far more 
importance, is the fact that occupations 
differ in prestige and in opportunities 
for eminence possessed by persons en- 
vaged in them. It is the purpose of the 
present discussion to summarize the most 
important available information on the 
vocational affiliations of both historical 
men and 


the person is gainfully employed. 


and contemporary notable 
women; and to present some new data 
on chances for eminence possessed by 


persons in certain occupations. 
OCCUPATION AND HistTorIcaL EMINENCE 


The most serviceable data for studying 
the relationship between occupation and 
historical eminence are those from the 
studies of amount of space occupied by 
the biographies of men famous in differ- 
ent occupations. Cattell’s list showed 
that the outstanding occupations for the 
one hundred most eminent persons of 
history, as analyzed forty years ago, 
were sovereign, poet and philosopher.’ 
Table I presents a detailed classification. 

Beeause several of these one hundred 
persons were extremely versatile, mat- 
ters will be clarified somewhat if a tabu- 
lation is made of the actual number of 
times each vocational class appears in 
the group. This is done in Table II. 
The most frequent occupation is that of 
philosopher, with statesmen close behind, 

1J,. M. Cattell, Montily, 


1903, 62, 369-377. 


Popular Science 


KANSAS 


TABLE I 


MAJOR OCCUPATIONS OF THE 100 Most 
PERSONS OF HISTORY 


EMINENT 


Occupation N 
Ruler NOW w eb. 8S Ob OPO POD OFS 6 408 6 :49004 0S 4 CESS 15 
a Oe Rn ne eg ee a ae 15 
ce ASE ee EEL ET IE ETE Oe Te 11 
REEL cero a cre Gia gl Rink elles Beene ee we 7 
Religious founder or reformer .........eeee.8 5 
Writer (essayist, historian, scholar) ........ 5 
|| Oe Re ny ee ne en } 
FOGG OREr GUNG BEICNTIOL osc cies ccsesensee { 
Statesman and writer (essayist, historian, 
AMEIREEIOD oooh aa fo a, aa 456 0:6 oa wie 00ers) Bela Wie t 
eee (ie BOURNE 6 ks 6 53 50 0560 0b edo oss 3 
IIE MIRED co 'd ois 05. 6s b'8 OA 60 6 0 WAS Rls od 0 Sola 2 
Seeae SUE URDIAE isle id's Sk Sw bib 44:8 6.4 6 Oe eee 2 
ROMRRNUMOR io toes a pia wh ee “ewe Ae 6 sos Sao ew aww alae ys 
“MIOBODOr BMG GtALOSIMAN . ..s<.<css 000s sé 06 2 
Sram UETOE, 8e'x soe ok G)s a SONS OOO OO Ow OES 1 
STR OUEEU UNENE MOOG (5 6.556. o. 0 iw aia wie als ates ere 0s ] 
Philosopher and writer (essayist, historian, 
EINE Sch tave cha 6a wie aide Awe be dw Ow Sa OS eae 1 
I:xplorer eee ere eer erer reese seserseeeeseees 1 
PR PRONGNEED 656 54.605 4405s e840 Ob OSS OS 1 
oO eer ees ae re en er ee er ] 
Poet and miscellaneous writer ..........+e.. 1 
Painter, sculptor, architect and engineer ] 
StATONINON ANG BCICNUBE 64 646. v0 cdccccesesee 1 
PRIUGEODMEr G0 TWIT ns 65.4.6 056 cc as0 554000 08% 1 
Scientist, painter, sculptor, architect and en- 
SURE capes cs Gis 0S ES 4.05408 69 50.0.6 Cee ee 1 
CIO os 5.06 05620 S04 62600000 t 00408 8406 1 
Poet, dramatist and philosopher ............ 1 
Philosopher, religious leader and statesman .. 1 
TROOIOMIAN GING GUATCSIDED: 6.66.0:0cb0% 60 060s v0.0 1 
Scientist, theologian and philosopher ........ 1 
Statesman, soldier and writer (essayist, his- 
OTR SINNRNNEI OMS a ae Blt a6 aus analy eine 00 8S ] 
Statesman, scientist and philosopher ........ 1 
Statesman, poet and writer (essayist, historian, 
NEED iss 04 646 4 0555505 OSS Se eae sees 
TABLE II 
FREQUENCY OF AFFILIATION OF THE 100 Most 
EMINENT PERSONS OF HISTORY WITH 
MAJOR OCCUPATIONS 
Occupation N 
te. ae ee ae 23 
EINER vig:s Schnee a AN wate OSG 6 4 6 Oe 22 
Writer (poet, novelist, dramatist) ........... 21 
SMS Caetano ahh miCe ass ak wise wae slo ce ae 56 18 
Writer (essayist, historian, scholar) ......... 13 
eRMRNEE ae a iain Soin alg oars a oraiy ass 688 cose see ae 12 
Religious founder and reformer ............. 6 
OP Te eee RE ee Ore ere ere Tea 6 
i ae ae re ee ae Se a ee 4 
oe ES RN Sy een ec eae rg ae ee ern eee 4 
SES Mk on ce. kG alee Wy te Oia is Slama ie wake OE a ae 2 
PO ck ore ad ee bee OA ew eo ws ve ealneeoe sees 2 
MM Cis. 4a asiade Sasa Rane eae ean Re es 2 
PNNMRNINN SG on ng oa catarare. anes le es a ae a wees 1 
COMPOSEP ..ccccececcccvccvccvcscccecccece 1 
OE ee y Tere oe 1 
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‘‘creative’’ writers (poets, novelists, 
dramatists) third, and rulers fourth. 
Among the three general groups, execu- 
tive, intellectual and artistic leaders, the 
executive and intellectual leaders are 
almost equally represented, while artis- 
tie notables are considerably less numer- 
ous. Intellectual leaders (philosophers, 
writers—essayists, historians, scholars, 
scientists, theologians) represent 52 
affiliations. Executive leaders (rulers, 
statesmen, soldiers, engineers, explorers, 
admirals) represent 50 affiliations. Art 
represents 29 affiliations (poets, novel- 
ists, dramatists, painters, sculptors, com- 
posers). There are some additional vo- 
cations more difficult to classify, which 
would alter the rank order of the main 
groups. Architects combine the quali- 
ties of engineers and artists. And re- 
ligious founders and reformers also offer 
some difficulties of classification. They 
exhibit extreme leadership, and some of 
them have proved to have exceptional 
executive talent. But they also have 
been ideological leaders. Consequently, 
we may conclude that executive and in- 
tellectual pursuits are about equal in 
being the outstanding vocations for 
world eminence in the historical sense 
and are considerably superior in this 
respect to artistic pursuits. 

Castle’s study of the occupations of 
the eminent women of history discloses 
the fact that the literary occupation 
was far in the lead, while sovereigns 
ranked fourth, other politically influen- 
tial women ranked tenth, persons emi- 
nent in religion ranked third, and 
scholars ranked ninth,? facts which indi- 
cate only a small amount of agreement 
between this study and the study based 
on Cattell’s list. Castle’s complete oc- 
cupational data are presented in Table 
ITT. 

Another study of interest is that of 
Huntington, based on 8,576 European 
persons of eminence who lived between 


20.8. Castle, Archives of Psychology, No. 27, 
1913. 


TABLE II! 


OCCUPATIONS OF THE EMINENT WOMEN OF HISTORY* 


Occupation N 
RACOUROUEG £665.056006 406s O00 Co eRe K OHS ORD 337 
EU Nig Oa kD inn 2a ang Saw a eee aa nee 87 
 wcccag ate a kele kaka d eww eewe ree 64 
NS oN le edd ig og ele sil eerie are ae 59 
tL aGastce keke hine te ce ene eee ae ae ae 56 
_ | ee rae eee ee ee ee eee 19 
A er er ge a et ne re Fae 39 
RN er G hoa sb ad a giale Gia eal Ww O66 wee 29 
SU re ee coe 5 ae a ae oh ae aaa ee 20 
Pees AU so cada eke ceetedavadouens 19 
A ca lay Bi bie CaS SSO ee oa ee ee 17 
PREMCLOOY 6 0666.0 CSR Cee Oe Or eH COREE EOE 12 
ae aah ey edie Ek tae ww ake ee aw 11 
RIL FU Gata Sia Gok oie uaa ele ke ache a eae wee 10 
IN 6 bi cic Oia ele Got be Mae ek eel 10 
CO ee ee re ere ere er re v 
NR eds ae he oe: eel ge ARK wl a Re RI 6 
ert CPO — i vcncsacweKakeneess eed 6 
Peer SOMNENEE 6 og cicgicheesaeeeade cus een 6 
EE A a are 6 
STP CECT TORE TCR T RTT ee PT er 3 
Pe Oar rn pera Pere re ee gen a 2 
Ce oak eek eke SERA TALE REECE EEA 2 
Ela air 0's ep dies own) ernie Cok aR 2 
SII Goce ceo sal & acm aha aig wh aces orb) wt aces ae 2 
re as area an balk. Cut b aceite wad lareeece aera 2 
PIC CUED oo wb & dace ee meceee seed be eae 1 
REY c.5 Wibc kis coo sO ke lw és 8 Walaa ewe eee ead 1 
po a ee ee er 1 
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* Castle, op. cit., p. 40. 


1600 and 1900 a.v. The classification of 
occupations and the results are some- 
what different from those already men- 
tioned. Persons famous in politics and 
revolution, war and adventure, ‘‘inheri- 
tance without merit’’ and business com- 
posed about 29 per cent. Writers of all 
sorts were grouped together so that the 
exact division of the artistic and intellec- 
tual pursuits remains rather indefinite, 
but about the same per cent. of the cases 
were in the fields of ‘‘creative’’ litera- 
ture and art. The intellectual group 
thus dominated, with about 9 per cent. 
famous in religion and philanthropy, 
about 3 per cent. in philosophy and edu- 
cation, about 13 per cent. in science, 
nearly 10 per cent. in history and eco- 
nomies and at least 5 per cent.—perhaps 
more—in the writing of essays and criti- 
cism. About one half of one per cent. 
were classed as freaks, that is, were 
notorious but without merit or achieve- 
ment.® 

From Maas’s study of 4,421 German 
leaders who lived between 1700 and 1910 


3 Ellsworth Huntington, ‘‘The Character of 
Races,’’ p. 235. New York, 1924. 
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A.D. we have data that discloses the occu- 
pational distribution of eminent men of 
one country. The degree of eminence is 
not as great as that of Cattell’s and 
Castle’s limited groups, but the studies 
are roughly comparable. Maas distin- 
vuished seventeen vocational classes, five 
being in the artistic sphere, four in the 
practical sphere and eight in the intel- 
lectual sphere. Of the total cases the 
largest average for the professions was 
in the intellectual sphere, especially 
among theologians and 
Persons in practical fields were defi- 
nitely fewer than artistic persons, which 
was contrary to the facts for the lists of 
mentioned above. 


philologists. 


most eminent men 
Among the artists Maas included some 
of the more serious writers that Cox 


classified as intellectuals, and he did not 
include rulers. The complete percent- 


ages are given in Table IV. 
TABLE IV 


EMINENT GERMANS CLASSIFIED ACCORDING TO 
VOCATIONAL GROUPS* (AFTER MAAS) 


— a Num- Per- Rank 
vEmnantee ber centage Order 
Artistic Sphere 
ip EN a Wilh 6 e860 290 6.66 
ee REN. i is. 41d, 0 0 m0 6 202 4.57 10 
SB. PEUMICOMS ...csece 193 4.36 12 
4. Creative artists ... 338 7.64 4 
5. Stage artists ...... 90 2.04 15 
ot | ea re 1,113 25.17 (2) 
Intellectual Sphe re 
6. Theologians ...... 504 11.40 2 
7. Philologists ...... 507 11.47 1 
ie oY ae 301 6.81 6 
9. Pedagogues ....... 118 ».57 14 
10. Legal profession ee 323 7.3 5 
11. Medical men ..... 198 4.46 11 
12. Exact scientists ... 179 4.05 13 
13. Natural scientists 229 5.18 9 
MER erate we 00.068 2,359 53.37 (1) 
Practical Sphere 
14. Statesmen. ....... 498 11.26 3 
15. Agriculturists .... 69 1.56 17 
16. Military men ..... 295 6.67 7 
17. Merchants ....... 87 1.97 16 
SOE Gawea sass 949 21.46 (3) 
Grand Total 4,421 100.00 _ 


Zimmerman 
300k in 
Minne 


* Adapted from P. A. Sorokin, C. C. 
and C. J. Galpin, “A Systematic Source 
Rural Sociology,” Volume III, pp. 312-3813. 


apolis, 1932. 


OCCUPATIONS OF CONTEMPORARY 
EMINENT PERSONS 

The most recent analysis of the oceu- 
pations of contemporary notable Ameri- 
cans is for the 1938-1939 ‘‘Who’s Who 
in America.’’ Following the general 
classifications of the United States cen- 
sus the leaders have been classified ac- 
cording to five main occupational fields 
and forty occupational 
classes, as shown in Table V.* Profes- 
sional workers are in the lead, followed 
by proprietorial workers, protective ser- 


some specific 


vice workers, farmers and farm manag- 
ers and elerical workers, while all other 
kinds of workers, including craftsmen, 
machine operatives, domestic service 
workers and laborers are entirely unrep- 
resented. The most important specific 
occupations, in order, were college and 
university administration and teaching, 
writing and editing, law, religion, medi- 
cine and government Other 
educators; financiers, insurance agents 
and real estate agents; and engineers 
well up in the list. These 
with several 


service. 


also rank 


results agree in general 


other studies.°® 


TABLE V 


OCCUPATIONAL DISTRIBUTION OF PERSONS LISTED IN 
“WHo’s WHO IN AMERICA,” 1938-39 


’ Per- > 
Occupation* Num- cont Rank 
‘upatio "e 
I ber Order 
age 
Professional and Semi-pro 
fessional Workers .... 24,626 78.3 (1) 
PYOTCROIONGE 64.6.6 00 608 4,284 77.2 ((1)) 
BOON 5x5 ace S6a war 55 5 21.5 
APORTOOUEE. ins 0 aaas sco 253 8 18 
Artists and art teachers 900 2.9 12 
Authors, editors and re 
DOTOLS i vosew ose $388 14.0 2 


4 Also see Fritz Giese, ‘‘ Die Offentliche Per 
sonlichkeit,’’? Zeitschrift fiir angewandte Psy 
chologie, Supplement, 44, 1928, for an earlier 
detailed tabulation. 

5 For example, G. R. Davies, Quarterly Jour 
nal of the University of North Dakota, 4: 225, 
1914; Scott Nearing, Popular Science Monthly, 
85: 189-199, 1914; and Scientific Monthly, 2: 


57, 1916. 
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Chemists, assayers, 


metallurgistS ...... 124 4 23.5 
ClergyMen ..cccccces 3,006 9.5 +t 
College presidents, pro- 

fessors and instruc- 

Ty Set ee 4,996 15.9 1 
DentistS ..ccscccvcee 30 mi 298.5 
Engineers ..-scsecess 1,165 3.7 10 
Lawyers and judges .. 3,552 1.3 3 
Musicians and music 

PREY, Sard 6.6 030508 679 2.2 14 
Osteopaths ....-.-e-- 13 .04 32 
PharmacistS .....e-.- 2 .006 36 
Physicians and sur 

geons eoeeececccce 2,090 6.6 5 
Social and welfare 

MUERTE: se04s vee 145 5 21.5 
Teachers (not else 

where classified) .. 1,333 4.2 j 
Trained nurses ...... 2 .006 36 
Veterinarians ....... 27 oa 28.5 
Other professional 

WOPRGEE: ciclo es 4:05:00 1,424 4.5 rj 

Semi-professional work 

oe Oe a earn ae eee 342 1.3 ((2)) 
Daneers, showmen and 

DEINE. oa cae es < 20 ok 8.5 
Designers and drafts 

NGS a eee aie ee 40 a 28.5 
Other semi-professional 

WOLTER 5.55.8 6s ees 282 9 16.5 

Farmers and Farm Manag 
LE RE er re ee 132 4 (4) 
Proprietors, Managers and 
Officials, Except Farm 6,124 19.5 (2) 
Government officials .... 2,060 6.5 6 
Other specified managers 
and officials ......... 230 . 19.5 
Proprietors, managers 

and officials, not 

otherwise classified, 

by industry 
TT i en ee 119 4 23.5 
CONBLIOETION 6 css <0 50 Be 25 
Manufacturing ...... 838 2.7 13 
Transportation, com- 

munication and utili- 

RN ie ou op aisle rate a's 290 2 16.5 
ERGEIG 5 &ig.5e Rm aateine sa 211 7 19.5 
Finance, insurance and 

a 1,273 4.0 9 
Personal service ..... 13 1 8.5 
Miscellaneous indus 

tries and services .. 1,040 3.3 11 

Clerical, Sales and Kindred 

WOTRONS i's 5. <0 00 ee ze alk (5) 
Bookkeepers, account 

ants, cashiers and 

ticket agents ...... 19 a 28.5 
Secretaries, stenogra- 

phers and typists .. 6 .02 33 
Other clerical and 

kindred workers ... 2 .006 36 

Protective Service Workers 545 te § (3) 
Policemen, sheriffs and 
SANTOUREE: ciss a0 .s:0ae es 4 .012 34 
Soldiers, sailors, marines 
and coast guards .... 541 1.7 15 
WONGL. Yorke sian lev alee Wialere weyers 31,454 100.0 


* Occupational classifications follow Classified 
Index of Occupations, and Alphabetical Index of 
Occupations and Industries, Washington, 1940. 


The situation in some other countries 
is similar to that in the United States. 
Data for Germany, Denmark, Japan and 
India are given in Table VI. There are 


marked differences between these coun- 
tries, Germany having a larger propor- 
tion of persons in the mental sciences 
than in any of the four other comprehen- 
sive fields, but for the other countries 
most prominent persons are found in 
practical vocations. In Germany the 
arts were far more important than in 
the other countries, twice as important 
as in Denmark, about 29 times as im- 
portant as in Japan, and about 23 times 
as important as in India. In Japan 
practical life embraced more than 60 per 
cent. of all prominent persons, and in 
India more than 56 per cent. were in 
administration alone. In Japan com- 
merce was the most important single 
occupation, followed, very significantly, 
by military affairs; in Denmark the most 
important occupation was administra- 
tion, with military affairs also ranking 
second; in Germany literature was the 
leading vocation, followed by medicine. 

Germany and Denmark had a fairly 
similar distribution, and that of India 
resembles that of Japan. Thus the two 
European countries were quite similar, 
as were the two Asiatic empires, but the 
Asiatic and European countries were 
quite different. This fact may be due to 
some extent to the manner of selection 
of the persons in the respective lists, 
which may be under different auspices 
in different countries and used for dif- 
ferent purposes. But a large part of the 
difference is a function of the difference 
between cultures and social organiza- 
tions. This is particularly marked in 
the case of Japan, with its emphasis on 
commerce, military affairs and adminis- 
tration and its small interest in the arts, 
in philosophy and in various intellectual 
and scientific professions so important 
in Europe and America. 

The distribution for the United States, 
to the extent that the lists are compar- 
able, resembles those of Germany and 
Denmark more closely than it does those 
of Asia. The outstanding differences 
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TABLE VI 
OCCUPATIONAL DISTRIBUTION OF PROMINENT PERSONS IN GERMANY, DENMARK, JAPAN 
AND INDIA DURING THE DECADE 1920—-1930* 
Germany Denmark Japan India 
Occupation : ; 
Per cent. Rank Per cent. Rank Per cent. Rank Per cent. Rank 
SS Ore eee ee er ee 23.99 3 12.28 4 85 5 1.03 5 
ot re eee ei 6.29 1 3.85 9.5 oo 20.5 
ee 1.18 24 1.12 21 .05 28.5 - 
Architecture ....ccces. 1.50 19 1.75 He § 05 28.5 16 21 
SM Gio cb is 664 8 oy 0 6% 4.92 9 2.94 13 .23 22.5 60 11 
SL 8.10 2 2.62 14 17 25.5 27 16.5 
OREGE BOUNDS. c.ccccsccses 32.09 1 21.96 2 15.13 2 12.57 2 
MME. “nani 0010'8:6.85 5.53 5 3. 8D 9.5 41 16 .16 21 
OO” ere 5.07 7 7.94 6 6.81 5 6.21 3 
OL re 1.77 18 21 0 41 18 Y - 16.5 
NNER, 5 os swe 0 9.61 4.83 10 22 19 AZ 16 2.25 9 
POGRMORT . sccecceesese 3.68 11 ».60 7 5.03 6 2.97 6 
i eee 6.55 4 1.54 18 By 14 11 23.5 
OP .96 27 1 25.5 Be leg 25.5 16 21 
Political Economy ..... 2.70 16 1.15 20 1,12 13 $4 13 
Sg Oe 17.99 4 20.04 } 14.71 3 6.98 3 
CS a rere 7.54 3 8.68 t 7.64 7 He 6-4 6 
ae ee ee 1.06 25 A9 24 Ry be g waa ae 
Ee 2.12 jf 1.05 22 41 05 26.5 
0 Seer 1.33 22 38 28.5 He Be ¢ 1 23.5 
rer rere Lz 23 12 CAG 1.30 : i 
TE 5.5606 ease si08s .90 29.5 S 28.5 23 2. 
PUNE ciao tals ie wise a arsi a's 94 28 6 2 pe ose 
PBTICUIUETO 2 oc ccccsces 2.90 14 8.08 a) 1.79 7.5 2.07 t 
PN! so kas «ee bw oie'o es 1.55 5 2.69 5 4.79 } 3.46 4 
Oe 1.35 21 2.59 15 1.79 7.5 3.41 5 
ee ra .20 32 10 1 i 05 25.5 
el ee 24.38 2 13.03 1 64.52 1 76.06 1 
Administration ........ 4.98 8 10.51 1 3 56.16 1 
errr re 3.21 13 me 12 9 3.64 2 
Military affairs ....... 3.43 12 9.30 2 2 2.80 7 
ROWMREMI 4c o'5 wow ws 6 60 6-06 '< .67 31 2.55 16 15 og 
SRDIOR. 525s sedenees 2.87 15 9.26 3 1 1.76 10 
SUMIEY bcc sseressere 90 29.5 3.45 11 10 22 18.5 
ee eee ee 5.74 6 1.51 S 11.5 ee 15 
Geography, Exploration 1.40 20 15 25.5 ; : yy 4 18.5 
Organization, Propaganda 1.02 26 9) 20.5 55 12 
Miscellaneous ......... 16 33 38 14 


* Giese, op. cit., pp. 14, 236. 


between the United States and German 
distributions are in the arts, military 
affairs and agriculture, where the Ger- 
man proportions were larger; and in law 
and religion, where the United States 
stands out. The United States resembles 
Denmark in art, is far behind in agricul- 
ture and military affairs, and far ahead 
in religion and law. In many of the 
specific mental and natural sciences no 
direct comparisons are possible, because 
of the classification employed for the 
United States. College and university 
education overlaps on these scholarly 
professions to such an extent that the 
distributions for Germany and Denmark 
may well resemble that of the United 


States, but India and Japan lag in ever) 
thing except practical voeations, in only 
a few of which they are heavily repre 
sented. 


CHANCES FOR EMINENCE IN EACH 
OCCUPATION 


The data on occupational distribution 
of prominent persons are not very sig- 
nificant unless the occupational distribu- 
tion of the total population is also taken 
into consideration. Although the matter 
has received some attention,® numerous 
obstacles stand in the way of comparing 
eminent men and the general population 
in regard to occupational distribution 


6 Cf. Giese, op. cit., pp. 87-92. 
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In the first place, it is impossible to 
obtain reliable occupational distributions 
for past historical periods. Secondly, 
there is little agreement between existing 
classifications of occupations of eminent 
ersons and those of the general popu- 
lation, except where parallel categories 
are deliberately used. And if very 
crude classifications are used for both 
the general population and the list of 
prominent persons, the results are rather 
meaningless. Again, the inclusion of all 
classes of people in the same general 
occupation does not give a correct im- 
pression of the chances for eminence of 
an individual in the more responsible 
and influential administrative positions 
in the general field. For example, 
almost all the persons listed in ‘‘ Who’s 
Who in America’? from the field of 
transportation are from the highest ad- 
ministrative and executive levels, and it 
is a question if all persons employed in 
transportation should be compared with 
these seleeted persons from a selected 
part of the total group gainfully em- 
ployed in transportation. What needs 
to be done is to have both the general 
and the most socially recognized popu- 
lations classified according to the same 
functional elassifieation, each class being 
determined by the general social fune- 
tion and by the specific contribution to 
the general social function. It would 
also be advisable to base the inelusive- 
ness of the general functional groups 
upon the echanees for each individual to 
climb into the most favored circles (ad- 
ministration and ownership) of the gen- 
eral functional group of which he is a 
member. 

The available data from published 
Studies are far short of this ideal. Only 
the crudest sort of comparisons can be 
made for the oceupations of historical 
personages. Philosophy stands out more 
than any other profession in the produe- 
tion of the most illustrious persons of 
history, since there have been few pro- 
fessional philosophers and philosophical 


writers. Of the relatively small number 
of persons in this profession during the 
period of history, a relatively large pro- 
portion have attained the very greatest 
fame. Writers and scientists also stand 
out historically, as do rulers, artists and 
musicians. The religious vocation is not 
heavily represented, according to its 
numbers, although the most eminent 
personages include a high proportion of 
religious founders and reformers. Engi- 
neering also does not seem to have pro- 
vided many eminent personages in pro- 
portion to the number of people engaged 
in such pursuits during the development 
of advanced civilizations. But most 
striking is the tremendous inferiority of 
the occupations that make up the bulk 
of the population in other historical 
periods—craftsmen and artisans, per- 
sonal and domestic servants, tradesmen, 
farmers and peasants and other manual 
laborers. 

Among famous women of history the 
vocation of literature is of very great 
importance, and sovereignty is about 
equal to it. Indeed, sovereignty stands 
alone in the lead, if we consider that few 
women who were sovereigns in their own 
right have appeared in history. Acting, 
musie, scholarship and art also have pro- 
vided outstanding opportunities for 
fame. In religion women seem to have 
a proportionately better record than 
men, since the traditional role of women 
in most societies has kept them from 
positions of leadership. 

In general, Maas’s data for Germany 
bear out the same conelusions.’? The 
arts and the intellectual vocations ob- 
viously surpass the practical voeations 
in per capita production of prominent 
persons, when we consider the number 
of people working in various vocations. 
And of the practical vocations, states- 
men have an advantage: but agricultur- 
ists, military men and merchants are at 
a severe disadvantage, and craftsmen, 
artisans, industrial workers, miners, fish- 

7 Cf. Table IV. 
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TABLE VII } 
NUMBER OF PERSONS LISTED IN “WHO’S WHO IN AMERICA, 1938-39” PER MILLION OF EMPLOYED 
POPULATION, 14 YEARS OLD AND OVER, 1940 | 


Number in | 
“Who’s Who in 
America” per 


Number of 
persons 14 
years old 


Number of 
persons in 


“Who’s Who Rank | 


Occupational Class 





4 000,000 o der 
in America, and over em- Rssapente td order i 
1938-39”"'* jloyed 19407 Se 
aan ployed ! population 
— — an ~ ' 
Professional and Semiprofessional Workers 24,626 3,345,048 7,361.9 (1) i 
ce li SES ees Se eee ee ee ee eee 24,284 2,881,594 3,427.3 ((1)) 
Ra is se a a ca iad io Wh ah Sew 155 11,692 6 / 
IOS oe 5 aie a G6 blab as wwe + 6 eee 253 19,899 7 
A ae a es . 900 51,985 5 
Authors, editors and reporters ....... e868 4,388 70,059 2 
Chemists, assayers, metallurgists ......... 124 55,371 18 | 
EES ee ae ee ee eee oe 3,006 133,449 3 
College presidents, professors and instructors 4,996 75,007 1 
cree enn G ska kb oS 6.06 4 o5-6'0 60% 30 71,414f 27 
I trae. 5s ka. Gia'eis 6.0494 & 6 Sa 6.6 1,165 244,558 13 
SMI IN SUEOR. ons 550 6.6 010 9'0:60 66 05.60.0 3,552 177,643 } 
Musicians and music teachers ............ 679 129,256 12 
rE eras hie ho oe elk 6 a 6 os we 13 5,071 29 
EE Pe ee re ee ae 2 78,709 32 
PUPHICIONE BNC GUTBCONS .....ccceiccccees 2,090 164,649 8 
Social and welfare workers ............0. 145 69,677 2,081.0 20 
Teachers (not elsewhere classified) ....... 1,333 1,030,001 1,294.2 22 
fee. a eke oe 2 355,786 5.6 36 
INN ck ae Clic deg wb tk ws 0 ay 27 10,998} 2,455.0 16 
Other professional workers .............. 1,424 126,370 11,268.5 9 
Semiprofessional Workers ............ are 342 463,454 737.9 ((2)) 
Dancers, showmen and athletes .......... 20 31,147 642.1 24 
[POMIOTS GO GATUSMION ...cccccccccceoce 10 100,925 396.3 28 
Other semiprofessional workers .......... 282 331,382 851.0 23 
Farmers and Farm Managers .........ce.ee0. 132 5,145,614 25.7 (4) 
Proprietors, Managers and Officials, Except Farm 6,124 3,749,287 1,633.4 (2) 
Bo a |) SRR eS ae 2.060 198,377 10,384.38 10 
Other specified managers and officials ....... 230 $15,468 553.6 29 
Proprietors. managers and Officials, not other- 
wise Classified, by industry 
SERRE Soak Siding elas wa 6 Gp oS 4 0 ala aia 6 wees 119 30,447 3,908.4 14 
re or a ea eee een eee 50 113,898 439.0 26 
OS NS a ee ee ee 838 $19,891 1,995.8 21 
Transportation, communication and utilities 290 134,232 2,160.4 19 
EAE Sere eer er tre er ea 211 1,704,189 3.8 30 
Finance, insurance and real estate ........ 1,273 174,668 7,288.1 11 
EERIE St ie ck atgie.s ie nies 46/45 9 a's 13 123.227 105.5 31 
Miscellaneous industries and services ..... 1,040 $34,890 2,391.4 17 
Clerical, Sales and Kindred Workers .......... 27 7,517,680 3.6 (5) 
Bookkeepers, accountants, cashiers and ticket 
a? ee Peek tissabon ka wow sues sass 19 895,965 21.2 34 
Secretaries, stenographers and typists ...... 6 1,056,886 5.7 a) 
Other clerical and kindred workers .......... = 5,564,779 4 7 
Protective Service Worker)’ .ccccccicccocecces D45 681,534 799.7 (3) 
Policemen, sheriffs and marshals ........... 4 169,512 23.6 33 
Soldiers, sailors, marines and coast guards 541 219,925 2,459.9 15 
Other protective service workers ........... = «seeee ae ee 38 
ie oe ee re Tee er rae 31,454 20,487,113 1,539.1 
Li) A ee er ee eee ee 31,454 45,166,0839 696.4 
* Source: Table V. 
+ Source: “Occupations of Persons 14 Years Old and Over in the Labor Force, for the United States 
1940” Series P-11 Summary of Sixteenth Census, June 19, 1942. Only employed workers (except emer 





gency work) included in this table. 
t Female workers for the group ‘“osteopaths, pharmacists, dentists and veterinarians” 
according to the same proportions of male workers in these 
{ Total employed workers (except emergency work). Cf. footnote +, this table. 


distributed 


professions. 





ermen and domestic and personal ser- 
vants have practically no chances for 
eminence—that is, of course, provided 
they do not shift into occupations offer- 


ing more opportunities for highest social 
recognition. 

In the case of prominent contemporary 
Americans our knowledge is now much 
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more complete. Table VII contains the 
rates per million population, 1940, for 
the appearance of different vocational 
eroups in the ‘“Who’s Who in America’’ 
list, 1938-39. This table also includes 
relative productivity for some industry 
types as derived from ratios. The pro- 
fessional services dominate, followed by 
proprietorial workers and protective ser- 
vice workers. Agriculture has a very 
unfavorable position, and clerical occu- 
pations lagged even farther behind the 
professional group. Domestic service 
workers, craftsmen, operatives and labor- 
ers contributed no prominent persons, 
and consequently they are absolutely 
inferior to any other groups in providing 
opportunities for national recognition. 

The detailed occupational breakdown 
of Table VII provides data on chances 
for eminence by specific oecupations. 
Subdivisions of clerical, sales and 
kindred workers remain as the most un- 
favorable vocations appearing in the 
list. Other elerical and kindred work- 
ers exhibited the lowest per capita 
position in the list, followed, in order, 
by trained nurses; secretaries, stenog- 
raphers and typists; bookkeepers, ac- 
countants, cashiers and ticket agents; 
policemen, sheriffs and marshals; phar- 
macists; and farmers and farm man- 
avers. 

Among the proprietorial group gov- 
ernment officials stand at the top, fol- 
lowed by the finance group, and then by 
mining; miscellaneous, transportation, 
communication and utilities; and manu- 
facturing proprietors, in order. The 
lowest proprietorial group was personal 
service (for example, hotel and lodging 
house keepers, and proprietors of laun- 
dry and dry-cleaning establishments), 
followed by trade proprietors. The 
position of the former is probably due 
to the low prestige of the work, while a 
combination of low prestige and the im- 
mense number of kinds of retail business 
proprietors in the country probably ex- 
plains the latter. 


The highest occupational positions, as 
would be expected from a review of the 
analysis of the industry groups, are 
among the professions, with higher edu- 
cation surpassing authorship-editorship 
by a relatively small margin. These two 
occupations are far ahead of all others 
in providing chances for social recogni- 
tion, but persons engaged in such voca- 
tions as law, art, acting, architecture 
and medicine are ahead of all other 
occupations. Somewhat superior to 
trained nurses and pharmacists, who 
have fewer opportunities than the other 
professional groups, are osteopaths ; den- 
tists; and chemists, assayers and metal- 
lurgists. Also comparatively low in 
position are the bulk of the educators 
(elementary and secondary school super- 
intendents, principals and teachers) and 
social welfare workers. Musicians and 
engineers stand in a position somewhat 
below the average for the professional 
eroup but higher than any of the non- 
professional classes, except government 
officials and financiers. The various 
semi-professional groups surpass many 
of the different specific occupations 
mentioned, although ranking consider- 
ably below the professional and _ pro- 
prietorial groups. 

Protective service workers, as a 
group, also surpass the semi-profes- 
sional workers by a small margin. But 
military leadership shows up fairly 
well in terms of the whole list. Its 
position is immediately above that of 
veterinarians, and below that of min- 
It will 
be of considerable interest to observe 
the extent to which the trend of events 
during the war will have an effect on 
the number and relative importance of 
the military group. According to the 
policy of the editors of ‘‘Who’s Who 
in America’’ in the past, all army offi- 
cers above the rank of colonel, and cor- 


ing proprietors and engineers. 


responding officers in other services, are 


invited to send sketches for inclusion in 
the list. As the armed forces expand in 
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size the number of higher officers must nent persons made by the various strata 
necessarily increase and the military within each occupation or industry. |; 
profession will thus tend to contribute is known that only the superior levels 
a much higher percentage to the list asa of any occupation are represented among 
whole. But this might not improve the the most outstanding persons. It is jj. 
chances for each military man to receive logical that a person of inferior position 
national recognition, since the standards in an occupation should attain socia 
for inclusion might be left unchanged or recognition that has not been accorded 
raised, or the proportion of general offi- to all persons whose positions are supe. 
cers to all military men might change as__ rior to his. In fact, only when recogni- 
the country is more fully converted to tion entirely rests on other things than 
a war status. intraoccupational status—which it only 

The tendency for the professional oc- rarely does, as in the case of notorious 
cupations to offer the most chances for persons—may people obtain recognition 
eminence has also been found true of out of relationship to their wealtl 
Germany, and similar conditions prob- authority, power to control other peopl 
ably hold in other countries. Agricul- or the supposed value of their contribu. 
ture offered few chances, in the case of tion to society, which can never b 
Germany being at the bottom of the list, ereater than that of their superiors. 
surpassed by persons engaged in crafts. Differences in intraoccupational pres 
Manufacturing and business were com- tice are sharply defined and they in 
paratively low in rank, but ahead of fluence social position far beyond the 
agriculture. Authorship and painting  jjmits of the occupations in ehith ther 
and sculpture stood out above all other aro found. A person, as representatiy 
occupations, with painting and sculpture of an occupation, can only with tl 
leading. This is not characteristic of ereatest difficulty escape tke implica. 
other countries concerning which we are tions of his position within the oceupa 
able to draw conclusions. In Germany tion. The conditions growing out i“ 
law ranked ahead of medicine, musi¢, differences in status of persons of differ. 
religion and the other intellectual and ent intraoccupational strata also help t 
scientific professions, which offered few explain the small number of representa 
chances because of the large numbers of tives of certain fields cuneie Tete of en 
people engaged - them.” nent persons, and particularly the smal 

Notwithstanding some differences be- per capita contribution of min: Galis 
tween the sexes and between countries, fy weneral those occupations that have 
it is apparent that there are rather uni- the most rigid and the tallest hierarchy 
formly superior chances for POOOPMITION § oP clanson and in Which the largest pro 
for persons in the professional occupa- portion of persons are of inferior status. 
tions, followed in order by government are less productive of eminent persons 
and military affairs, business, agricul- than are the other fields, if production 
ture and the clerical occupations, aioe rT ee ee et to total popu- 
other occupations offer practically nO lation. This is particularly true of min 
chances for eminence for the average in- 7 
dividual who remains within them. 

Few data have been published on the 


ing, manufacturing, transportation and 
ecommerce. It is also more true in educa 
; : : < : : tion than in some other fields of profes- 
relative contribution to a list of promi- ina} service. The most prominent ex- 





8 Based on a comparison of the distribution ception to the principle is agriculture. 
of the ‘‘ Wer Ists?’’ eases studied by Giese and : 
but even here the proportion of laborers 


the distribution of occupations in Germany. : : st 
Giese, op. cit., p. 20. is large. Farmers are severely handl- 
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capped by reason of their place of resi- 
dence and the urban point of view in the 
evaluation of social worth, so that the 
factor of class hierarchy is not needed 
to explain the disadvantages of the 
farmer. Proprietorship in agriculture 
is certainly not a parallel phenomenon 
to proprietorship in most urban occupa- 
tions, because it often is not concerned 
with the planning and management of 
oreanizations involving large numbers 
of employed persons per manager and 
proprietor. If the data for farmers 
could be corrected for those items in 
which agriculture differs from other oc- 
cupations, the importance of the struc- 
ture of the intraoceupational pyramid 
would probably be borne out in agricul- 
ture as it is in other oecupations. 


OCCUPATIONAL PRESTIGE AND PER CAPITA 

PRODUCTION OF EMINENT PERSONS 

There is, no doubt, a close correlation 
between the accepted ideas of superior 
cial status of oeeupations and the 
prevalence of persons of various oceu- 
pational groups among prominent peo- 
ple. An absence of representatives of 
the occupations of lowest prestige is 
particularly noteworthy, while oeccupa- 
tions close to the top of the occupational 
hierarchy are relatively well represented 
in lists of prominent persons. The close- 
ness of correlation, however, is not easily 
measured for historical personages, be- 
cause of the lack of similarity of judg- 
ments of status over the entire period 
of history and over the entire region 
embraced in the studies of eminent per- 
sons made by Cattell and Castle. We 
know, for example, that poets had in- 
ferior status to that of statesmen, theo- 
logians and generals in past ages, even 
as they have less general social influence 
and power to-day, although the prestige 
0! poets has varied in reference to other 
occupations from time to time and place 
to place. The same thing is true of 
other occupations, so that the only com- 
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pletely satisfactory kind of evidence on 
the relationship between prestige and 
production of eminent men must take 
into consideration both the production 
of prominent personages by each oceu- 
pational group and objective informa- 
tion on occupational prestige for the 
same time and place. 

Although a satisfactory standard of 
evidence is impossible to obtain for his- 
torically eminent persons, there is con- 
siderably more certainty for contem- 
porary leaders. There is, for example, 
close agreement between the results of 
available data on occupational status 
and the ranking of per capita produe- 
tion of eminent men by the main classes 
of occupations listed in Table VII. 
Although there is incomplete agreement 
among available studies’ of occupational 
prestige with reference to the subdivi- 
sions of the main occupational classes, 
the professions are at the top in prestige 
and per capita production of eminent 
personages, followed closely by business 
proprietors. Farmers lag behind these 
two, as they do in the production of 
leaders. Clerical, kindred 
workers also are distinetly below pro- 
fessional and proprietorial workers in 


sales and 


prestige ratings; but both farmers and 
clerical, sales and kindred workers sur- 
pass skilled workers, factory operatives, 
and personal service and unskilled work- 
ers. The similarity of oceupations in 
prestige and productivity of leaders, 
therefore, is probably at least as close 
as that represented by a correlation ¢co- 
efficient of .70, which is among the 
higher class of coefficients for social 
data. 

The correlation between production of 
leaders by an occupational group and 
the prestige of the workers in that occu- 

9G. S. Counts, School Review, 33: 16-27, 
1925; and W. A. Anderson, Journal of Social 
Psychology, 5: 4385-466, 1934. Unpublished 
data from a more extensive study of occupations 
made by the author also support the statements 


in the text. 
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pational class is without doubt a causal 
one. The prestige of certain occupations 
increases the chances for the representa- 
tives to be included in the list of leaders, 
and the fact that people in certain occu- 
pations obtain recognition in such bio- 
graphical directories, in the press and in 
other ways influences the opinions of 
people concerning the importance of the 
occupations. Even when opinions con- 
cerning the importance of occupations 
are not influenced by knowledge of the 
‘‘Who’s Who in America’’ occupational 
classification, they are conditioned by 
the same general sort of knowledge of 
leadership on an occupational basis, as 
is possessed by persons who suggest the 
names of leaders to the editors of bio- 
graphical directories and by the editors 
themselves. 
SUMMARY 

Our knowledge of the occupational 
status of leaders is fairly complete in 
some respects.'° It is known that those 
who are historically eminent have a dif- 
ferent occupational distribution from 
that of contemporary eminent persons, 
and that there are sex differences in oe- 
eupational distribution of notable per- 
sonages. Persons in the practical sphere, 
statesmen, rulers and military men are 
proportionately more numerous among 
the historically great than among con- 
temporary western peoples, while emi- 
nent men from the intellectual and ar- 
tistie spheres are proportionately more 
numerous to-day than in past times. 
Eminent women in all ages have been 
proportionately more prominent in lit- 
erature than elsewhere, in intellectual 
and artistic pursuits than in practical 
ones, and in intellectual and artistic 
pursuits than have eminent men. There 
is also considerable agreement between 
condensation in 
560, 


10See a somewhat similar 
Mapheus Smith, Scientific Monthly, 48: 
1939. 


the occupational distribution of 
temporary eminent persons in various 
Western European countries, especial] 
with regard to the main types of occu. 
pation, but there are pronounced differ. 
ences between Asiatic and European 


con- 


countries. 

The professions again lead all th 
large occupational classes in the relation 
of the ‘‘Who’s Who in America’’ oceu- 
pational population to the general em- 
ployed population. Political and mili 
tary affairs also show up well, as d 
several business proprietorial occupa- 
tions, but other vocational fields revea 
comparatively few opportunities for em 
Clerical occupations are at 
Agricultur 
Univer. 


nence, 
very serious disadvantage. 
shows up only slightly better. 
sity administration and teaching is tl! 
most favorable field for contemporar 
American recognition, followed by lit 
erature, religion, art and law. Other 
professions rank very well also, whil 
at the other extreme personal and do- 
mestie service, skilled craftsmen, fore- 
men, machine operatives and various un- 
skilled labor occupations offer practi- 
eally no chances for social recognition 

Only the superior classes in 
occupation are represented among the 
most prominent people, but less impor- 
tant leaders include a few 
somewhat lower intraoccupational status 
So far as our knowledge goes, there is 
close agreement between the judgments 
of superiority of occupational status an¢ 
the occupational distribution of prom- 
nent persons. Few of these conclusions 
are reliably supported and none is s 
certain or detailed that no other investi 
cations need to be conducted. However 
the problems are fairly well define: 
now, and, since the required methods 
of study are well known, it may bé 
hoped that more complete evidence will 
soon be made available. 
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THEORY AND SCIENTIFIC DEVELOPMENT 


By Professor HENRY MARGENAU 


SLOANE PHYSICS LABORATORY, YALE UNIVERSITY 


Wuart is the role of theory in the de- 
velopment of science? To-day one is 
strongly urged to say it is to make things 
work. For we are engaged in the tasks 
of building guns, tanks, planes and other 
war-needed appliances. We are involved 
in the grim business of science. But 
there is a peculiar paradox in this situa- 
tion: scientists give this pragmatic an- 
swer, theories are designed to make 
things work, with the fond hope in their 
hearts that some day they will be per- 
mitted to deny it; they shift emphasis 
from the precious and permanent aspects 
of their subject matter to its coarser fea- 
tures in order to fight a war that will 
bring about conditions favorable to the 
pursuit of a science which is free from 
utilitarian bonds. 

If, therefore, I place the question of 
the role of theory in a larger setting, 
ignoring the necessary platitudes of the 
lay, I am envisaging a post-war world. 
| am focusing attention upon an ideal 
which we are approaching, and I hope 
that, in perceiving its clean and lofty 
features on a distant horizon, we may 
draw the strength to conduct the grim 
business of seienee with greater vigor 


to-day. 

There is, perhaps, another sense in 
which the answer I should like to give 
is needed in a world at war. Science 
has been aeceused of having fostered the 
taste for material things, of having made 
the murderous instruments of modern 
var. It has been alleged to possess no 
cultural value, and its emphasis upon 
power is said to have led to the present 
crisis. It is true that without theoretical 
science our wars would be less horrid, 
but it is also true that if the scientific 
attitude were to prevail generally, no 


wars would be fought. As to the argu- 
ment, however, that science is devoid of 
cultural value or appeal, I believe it is 
utterly 
linked far more closely with philosophy 


false. Theoretical science is 
and even the more highly developed of 
the social disciplines than is commonly 
supposed. These somewhat eryptie state- 
ments I hope to clarify. The following 
remarks are intended to show what it is 
that distinguishes knowledge based on 
theory from empirical knowledge based 
solely on fact. 

First of all, let us observe theory in 
action. There is evidence that four thou- 
sand years ago Egyptian surveyors used 
in their work a bit of knowledge very 
much akin to the Pythagorean theorem. 
They called it the three-four-five rule and 
used it to determine the third side of a 
certain right triangle when the other two 
sides were known. The rule was gleaned 
from painstaking and accurate observa- 
tions and was fertile in its use. The 
knowledge which it represents was not 
based on theory: It blossomed into a the- 
ory when Pythagoras, the Greek, gave 
his famous proof... The problem to be 
analyzed here concerns the details of 
what happened when that (or any other) 
theory was born. 

Consider another example. 
the 17th and 18th centuries a useful syn- 
thesis of chemical knowledge was effected 
under an hypothesis which we will eall 
It developed as the 


During 


the phlogiston rule. 
result of wide and eareful observations 
on combustion and brought forth the 
thesis that every combustible substance 

1To be historically accurate one should con 
cede the possibility of an anticipation of this 
proof by the Babylonians; but this does not 
matter here. 
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is a combination of its ecalx (ash) and a 
universal fiery principle called the 
phlogiston. The rule was obviously 
chosen to fit the visible phenomena. It 
was not a theory in the restricted sense 
in which we desire here to use that word, 
notwithstanding current terminology 
which sanctions the phrase ‘‘phlogiston 
theory.’’ It was a deeper insight into 
matters, not solely based on observation, 
which, toward the end of the 18th cen- 
tury, Lavoisier to 
theory of combustion, a body of proposi- 
tions which can properly be called a 
theory in the modern sense. 

To these two instances drawn 
mathematics and chemistry, we add a 
third, illustrating the birth of a theory 
in modern physics. In 1885 Balmer pro- 
posed a simple formula which repre- 
sented adequately and with striking pre- 
cision the frequency of all spectral lines 
of hydrogen. His rule amounted to a 
beautiful synthesis of a large part of 
spectroscopic knowledge, but it lacked 


caused propose a 


from 


that element of metaphysical fitness, 
usually expressed by saying ‘‘it ex- 
plains,’? which would have made the 


rule a theory. This element was added 
by Bohr when, in 1913, he published his 
work on the hydrogen atom. In what 
respects was our understanding deepened 
when this theory, or any other, came into 
being? I shall first review and criticize 
some current attitudes toward this prob- 
lem. 


Economy or THOUGHT 


According to Mach, theories spring 
from a tendency which he terms ‘‘econ- 
omy of thought.’’ Mental effort is saved, 
he claims, memory is facilitated, associa- 
tions between facts are more easily estab- 
lished, if perceptions are embedded in a 
rational framework. To quote him:? 
‘‘The aim of natural science is to obtain 
connections among phenomena. Theo- 

2 Die Geschichte und die Wurzel des Satzes 
von der Erhaltung der Arbeit, 1871. 
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ries, however, are like withered leaves. 
which drop off after having enabled the 
organism of seienece to breathe for a 
time.’’ The implication is, then, that 
science can live without breathing. 

If this thesis is meant as a factual 
assertion, its truth can well be denied by 
reference to the observation that there is 
no universal urge toward economy of 
thought among scientists, or, indeed, any- 
where among literate people; and that i 
there were such an urge, there would cer 
tainly be no science. 

Psychologieally, an effort to economize 
on thought is painful rather than pleas- 
ant, notwithstanding the cynical profes- 
sor whose experience would seem to con- 
travert this statement. For it is not the 
question whether thought is painfu 
when it is enforced on matters of indif- 
ference to the thinker, but on 
of intense interest; for we may certain]; 
presume that a scientist is interested in 
his field. If theories gratify because 
they conserve thought, then it is hard 
to see why thought-provoking utterances 
are generally held to be of greater valu 
than uninspiring ones. No, the purpose 
served by theories is not to promote 
languor, but to key the mind for thought. 
Quite aside, however, from the psychol- 
ogy of the situation (which, I believe, 
provides a negative answer to the ques- 
tion ‘‘does the scientist strive for econ- 
omy of thought?’’) suppose we were to 
accept an affirmative one. Science would 
then appear as a blight on the tranquil 
face of nature, the scientist as a scourge 
with which the devil harasses serenel) 
thoughtless men. In fact, science, if it 
had ever started, would long be extinct. 

But Mach’s statements are hardly to 
be taken as positive and analyzable as- 
sertions; they aim, as do so many modern 
philosophical writings, to establish a 
point of view and not a system, to confer 
emphasis and not validity. It is perhaps 
more proper to formulate Mach’s pos! 
tion in a more elaborate way: Economy 


matters 
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of thought is to be coupled with a desire 
to dominate an ever increasing set of 
facts, or sense impressions. It is obvious, 
one might claim, that man’s natural ten- 
dency is to learn more and more about 
nature, for it is by controlling her that 
he may emerge from his primitive cave, 
ride the waves, cook his meat, drive his 
automobile and enjoy all the other com- 
forts of civilization. Curiously enough, 
however, man does not like to think, or 
tax his memory beyond necessity, and 
thus he invents devices called theories 
which serve as receptacles for facts. 

The fields of medicine, geography, bo- 
tany, zoology abound with factual knowl- 
edge without theories to correlate them. 
I doubt very much whether in physics 
or mathematics, two sciences replete with 
theories, more facts are known than in 
the aforementioned disciplines. The dif- 
ference is of quite another sort: theories 
bestow on facts a peculiar relatedness 
which is far from being exhausted by the 
quality of mere associative coherence. 
When a theory is shown to be wrong it is 
discarded and another one is put in its 
place: Were its purpose only to facilitate 
memory such a procedure would be ab- 
surd; it would be far simpler to retain 
the theory and learn the one fact contra- 
dicting it as an exception. Finally, even 
in science we distinguish rules from 
theories. The former are devices aiding 
memory, but not the latter. To summar- 
ize, then, suppose we admit that we wish 
to dominate nature, and wish to do this 
with a minimum of thought; in that case 
theories would not be the answer to our 
wishes, 

Why, then, has Mach’s slogan of 
‘economy of thought’’ been so effective, 
and why is it extolled even to-day as the 
sinecure of all philosophical afflictions 
torturing the physicist? One reason is 
certainly to be found in the soporific 
nature of the doctrine. The answer it 
gives is so easy, and once it is accepted, 
economy of thought prevents all further 
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serutiny which might otherwise refute 
it. To use another metaphor, the thesis 
of economy of thought has all the fea- 
tures of a chain reaction: as soon as it 
is started it produces favorable condi- 
tions for its own rapid propagation. 
But let us not push this travesty too 
far, for it provides only a partial reason 
for the prevalence and the persistence 
of Mach’s idea. It is to be acknowledged 
that it contains an element of truth. A 
theory, in order to be valid, must be 
simple in a sense to be clarified later. Of 
two theories, both of which are equally 
compatible with experimental facts, the 
scientist retains the one which involves 
the smaller number of unrelated con- 
cepts. As a case in point we recall the 
rivalry between the Ptolemaic geocentric 
and the Copernican heliocentric system 
of astronomy which lasted throughout 
the 16th and part of the 17th centuries. 
Copernicus’ essential claim was that his 
hypothesis required the use of fewer in- 
dependent assumptions (epicyecles and 
deferents) than did the other. Both de- 
scribed the motion of the stars with equal 
accuracy. It was on the basis of its sim- 
plicity that the heliocentric system was 
finally adopted. <A _ similar situation 
arose in connection with the elastic solid 
theory of the ether; it, too, was rejected 
chiefly because it became unwieldy. 
There is undoubtedly a significant con- 
tact between such simplicity and econ- 
omy of thought, a contact which Mach 
would regard as the essence of the mat- 
ter. Unfortunately, however, simplicity 
is not the only criterion for the validity 
of theories, nor is it the most important. 


PREDICTION 


According to one view widely held at 
present the function of theory is predic- 
tion of events; indeed, facility of pre- 
diction is often regarded as the sole, or 
at any rate, the most important, pur- 
pose of theoretical procedures. It will 
not be denied that theories permit pre- 
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diction in ever increasing measure, and 


that the practical value of a science 
largely resides in this circumstance. 
Hence whatever conclusion we_ shall 


finally reach in regard to the essential 
role of theory, it must account for 
its predictive power. But to identify 
bluntly the business of analytical inves- 
tigation with prediction is not only arbi- 
trary but misleading. 

For there are, and have been, many 
theories which failed to predict. What 
Pythagoras added to the 3-4-5 rule of 
the Egyptians was not principally an 
element conducive to the discovery of 
further facts: it was an internal rela- 
tion between facts already known, a fea- 
ture far more elusive than power to pre- 
dict. Lavoisier’s discovery, to be sure, 
did lead to the important assertion, veri- 
fied by experiment, that the total mass 
is conserved in combustion. Again, the 
theory of Bohr ean hardly be said to 
have led to essential empirical results 
other than those already implied in Bal- 
mer’s rule. 

We conclude that prediction, or the 
acquisition of facilities for prediction, 
does not exhaust the meaning or the 
purpose of theory. The scientist need 
not turn prophet, nor would a successful 
prophet, if he did exist, be of necessity 
a scientist. The latter’s task involves 
something more than mere forecasting, it 
involves the creation of a certain scheme 
in which his experience becomes pecu- 
liarly coherent, the production of an in- 
ternal fitness which power to predict 
alone does not convey. In fact, one could 
name fields in modern physics where ex- 
perimental facts are confusingly abun- 
dant, and where investigators would be 
immensely grateful for a valid theory 
even though it did no more than order 
known facts. 

Theories are sometimes called beauti- 
ful or elegant. This esthetic property is 
ascribed to them wholly apart from their 
pragmatic value, indeed occasionally 


when they lack pragmatic value. 


Every 
scientist has an instinctive appreciation 


of this quality of beauty. It is oftep 
the motive for intensive research; its 
achievement produces a pleasure unique 
in itself and not peculiar to the act of 
prediction, a pleasure that is present to 
a lesser degree whenever a problem is 
solved. Thus it is clear that, from a psy- 
chological point of view, the driving 
force in theoretical investigation is not 
exclusively the fun or the profit of pre- 
diction. 
REALISM 

A third point of view which was 
widely held half a century ago, and 
which is not completely extinct today, 
is that of realism. According to this 
doctrine theories portray reality. There 
is an objective essence, external to the 
mind, but waiting to be grasped and un- 
derstood by the human intellect.” There 
can never be an ambiguity in theory, for 
a theory either represents or does not 
represent real fact. Scientific investiga- 
tion, both in its experimental and ana- 
lytical aspects, is always discovery, never 
invention. 

Toward the end of the last century 
realism, even in its more accentuated 
form of materialism, was a highly plaus- 
ible philosophy. Helmholtz had shown 
in his brilliant lecture before the Philo- 
sophical Society in Berlin (1847) how 
the most general laws of physics can be 
derived from two simple hypotheses: (a) 
everything consists of point particles 
subject to the laws of motion; (b) all 
particles are subject to central forces. 
Clearly, then, if all empirical knowledge 
ean be synthesized in these two general 
propositions, how can anyone doubt their 
truth? And if everything consists, in 
fact, of material points, how ean the ex- 
ternality and independence of nature be 
denied? Explanation can not be a fictive 
process, it effects merely illumination of 
entities already given. 
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But alas, the two great premises of 
Helmholtz were shattered by science it- 
self: they became untenable even before 
the century expired. Significant ele- 
ments of physical ‘‘reality’’ were dis- 
covered which were not particles, but 
fields, and particles were discovered 
which did not interact by central forces. 
Explanatory procedures took on a char- 
wter so abstract that their results ap- 
peared very much more like inventions 
than discoveries. And the hope gradu- 
ally faded that it would ever be other- 
wise. he much discussed dualism be- 
tween the wave and particle properties 
of light left realism completely power- 
less. Reeognition of the fact that it is 
dangerous and misleading to ascribe to 
ultimate particles like an electron such 
properties as shape, size or exact position 
struck realism a decisive blow. There 
are few thinking people who still believe 
that an electron is an entity in the same 
class as this perceived desk before me. 

It may be said that science has merely 
confirmed a fundamental criticism which 
semantie analysis could have made per- 
haps without the aid of science. Tor 
the trouble with the term realism is its 
superabundanee of meaning coupled with 
its magie sound. Reference to what is 
real is expected to silence all argument. 
Yet there is no other word in the Eng- 
lish language which is so_ ill-defined. 
When I speak of the reality of this desk 
and of the reality of the war I am using 
the term with two quite different conno- 
tations. It is easy to cite half a dozen 
others. The only person not guilty of 
looseness when he uses the word is the 
mathematician who speaks of real vari- 
ables, but his meaning is philosophically 
uninteresting. After some thought on 
the matter I have come to believe that 
an analysis of the role of theory has a 
far better chance of succeeding if the 
word reality is banned from the discus- 
sion, unless it be clearly defined before- 
hand. At any rate, let us not permit the 
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word real to hypnotize us into uncritical 
acceptance of a point of view which mod- 
ern physical science has outgrown. 


Wuat 1s PHysicaAL EXPLANATION ? 


The terms in which physical explana- 
tion is to be defined depend very largely 
on one’s philosophical outlook. It is nee- 
essary, therefore, that I comment briefly 
on the epistemological background of the 
remarks to follow.’ This happens to be 
somewhat out of adjustment with the 
views professed by the most prolific writ- 
ers on the philosophy of science, chiefly 
because of the failure, on this author’s 
part, to espouse whole-heartedly the neo- 
positivistic doctrine. It is my belief that 
metaphysics can never be completely 
banished from exact scientific procedures, 
that no guarantee for permanence of a 
scientific theory can be gained by basing 
it on facts which, when analyzed, reveal 
a most bewildering array of metaphys- 
ical assumptions. Instead of closing our 
eyes to metaphysics and allowing it to go 
without control, as seems to be the cur- 
rent fashion, it is important that its 
action in modern theory be first recog- 
nized, then analyzed and harnessed for 
better or for worse. 

Extreme positivism, culminating in the 
belief that all science is restricted to an 
analysis of sense data, is invalidated by 
all of theoretical physics; but nowhere is 
its weakness so glaringly exposed as in 
the recent development of quantum me- 
chanics. Only a remnant of the positiv- 
istie doctrine has crept into the eredo of 
modern science: it is Kant’s dictum that 
‘‘Erkenntnis ohne Anschauung ist leer.’’ 
To this maxim we shall adhere. 

Admitting, then, that the scientist does 
not deal exclusively with sense data, such 
as colors, shapes, noises, smells, and 
pointer readings, let us at onee divide 
his universe of discourse into two classes 


3 For a more extensive exposition see: H. 
Margenau, Journal of Phil. of Science, 2: 164, 
1935; 6: 65, 1939; Rev. of Mod. Physics, 13: 


176, 1941. 
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of things: sense data and constructs. 
The latter are concepts invented by rules 
to be mentioned later, which bear certain 
invariable relations to sense data, but are 
not themselves immediately given. Thus 
a certain wavelength of light is a con- 
struct associated with the (complex of) 
datum ‘‘blue.’’ Other constructs are: 
number, integral, space, in mathematies ; 
element, compound, valence bond, in 
chemistry ; mass, electric field, electron, 
in physics. This list could be extended 
indefinitely ; in fact, closer analysis shows 
that all scientifically interesting objects 
are constructs rather than data. 

If now the role of theoretical science 
is to be described succinctly the follow- 
ing must be said: In the first place we 
have sense awareness. The elements of 
this awareness, while peculiarly vivid, 
spontaneous and ever-emergent, lack all 
attributes which allow analytic pro- 
cedures amongst them, and hence do not 
lend themselves readily to being domi- 
nated by reason. Hence constructs are 
invented in such a way that (a) they 
stand in unique correspondence with 
sense data which they represent sym- 
bolically; (b) they partake of proper- 
ties which make them subject to the pro- 
cedures of logic and mathematies. Havy- 
ing translated a particular set of data 
into constructs, the scientist transforms 
these constructs, within the context of a 
particular theory, into others by logical 
and mathematical rules. He then trans- 
lates the new constructs back into sense 
data and sees whether these, under the 
conditions implied by the theory, are 
found to be present. If so, he says that 
he has verified the theory (a set of con- 
structs connected by ‘‘laws’’) in this 
particular instance; if not, the theory 
(or hypothesis) is discarded as not valid. 
A theory is said to be correct if it per- 
mits this peculiar circuit, which starts 
somewhere in the esthetic continuum 
among sense perceptions, swings into the 
field of constructs and finally returns to 


the esthetic continuum, successfully hit. 
ting its mark; indeed, if it permits this 
circuit to be made without fail in al] 
cases to which the theory has relevance 

This brief characterization will, I hope, 
sufficiently outline my point of view. | 
shall forego the opportunity of giving 
evidence for its correctness, chiefly be- 
cause the field in which it could be tested 
and exemplified is extremely wide, em- 
bracing all of science. It is possible to 
classify the constructs used in any given 
science, to state the rules of correspon. 
dence between data and constructs (these 
are often the so-called ‘‘operational defi- 
nitions’’) and finally to analyze the rela- 
tions connecting constructs into theories 
But these details must not detain us here 


METAPHYSICS 

A construct is not a part of sense data: 
it is not immediately given. On the con- 
trary, it is an entity generated by cre- 
ative reason and as such not fundamen- 
tally different from the abstract notions 
of philosophy and theology. The differ- 
ence between scientific constructs and the 
latter lies in this remarkable 
stance: in the selection of valid scien- 
tific constructs certain rules or require 
ments are being imposed which are more 
stringent than, or at any rate different 
from, those which attend the choice o! 
non-scientific constructs. Again thes 
rules, often dimly perceived by the phi- 
losophers of the past and regarded as 
invariable ‘‘categories’’ of thought, are 
not drawn from sensory experience but 
are strongly founded in deep-rooted con- 
ventions among scientists. An analysis 
of these rules, whose aggregate I shall 
call metaphysics because they transcend 
by far the domain of sensory experience, 
is to be the object of the present section. 
Metaphysics, then, as the term is here 
employed, does not include its tradi- 
tional branch, ontology; it is simply the 
epistemology or, more properly, the 
methodology of science. 
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To make clear the distinctions to which 
attention is being ealled it is necessary 
to guard against a widespread confusion 
occasioned by the imperfections of lan- 
euage. Single words are often used to 
designate essentially different things. 
Thus in the phrase: I feel the mass of 
a chair when I push against it, the word 
mass is being used to denote a complex 
of sense data. The mass which appears 
in Newton’s laws of motion is quite an- 
other entity and must not be identified 
logically with the former. It is to be 
sure, linked to it by certain corre- 
spondences (operational ‘‘definition’’ of 
mass), but it stands as a construct, a 
rational invention the significance of 
which could meaningfully be denied, 
were it not for its unique conformity 
with certain metaphysical requirements 
which will now be outlined. 

This list of comments that follows is 
meant to be suggestive rather than ex- 
haustive. Nor does it aspire to any 
pretense of logical demonstration which, 
if it could be earried out successfully, 
would exceed the confines of the present 
paper. If it is only provocative of 
thought, its purpose will have been 
achieved. My belief is that it covers the 
principal axioms of scientific method- 
ology. 

(a) All valid constructs must be 
transitive in the sense that it is possible 
to pass from one to another by logical 
or mathematical relations. This type of 
transitivity allows constructs to be con- 
nected into theories. Furthermore, there 
must be some constructs (here called 
pseudo-sensible) which are operationally 
connected via the rules of correspon- 
dence mentioned in the foregoing sec- 
tion, with sense data. And finally, every 
construct, while not necessarily con- 
nected with all other constructs, must 
form a transitive link with at least one 
pseudo-sensible construct and hence with 
Sense experience. Thus it need not be 
required that every construct should 


have a sensible counterpart. It is suffi- 
cient that it be transitively connected 
with a construct of the pseudo-sensible 
class. 

(b) The passage from one construct to 
another is to be effected by the laws of 
logic and mathematics considered valid 
at the time. At present, these are the 
laws of two-valued logic, and the mathe- 
matical results based thereon. But there 
appears to be no reason to suppose that 
more general types of logic, which are 
now being developed, will not some day 
replace the familiar one. Nor is it to be 
argued that science must restrict its laws 
to the manipulation of such elementary 
mathematical notions as numbers and 
functions. Quantum theory shows, in 
fact, that this limitation is harmful. 

(c) The correspondence once set up 
between data and constructs, must be 
permanent. This trivial requirement 
simply forbids that a symbol, such as 
mass or wavelength, be referred to the 
elements of sensory experience in an in- 
discriminate manner, violating the defi- 
nitions. 

(d) The relations among constructs 
are required to be extensive. I hasten 
to elucidate this unintelligible phrase by 
means of an example. Tradition has it 
that Newton saw the apple fall and in 
contemplation upon this phenomenon 
conceived the laws of motion. As an 
historical assertion this is certainly in 
error, but as an illustration it may serve. 
The sense data in this ease are clear. By 
means of permanent rules of correspon- 
dence Newton arrived at the constructs 
mass, position, speed, acceleration. In 
modern parlance some of these were 
joined into a differential equation which 
Newton solved. To the solution he ap- 
plied the same rules of correspondence, 
and these led to verified sense experi- 
ences. The circuit was completed. 

But the situation would not have been 
satisfactory if Newton, after his excur- 
sion into the real of constructs, had been 
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able to predict only the position, speed, 
and acceleration of the apple at a single 
instant, namely its condition at the mo- 
ment when he began reflecting. For in 
that case, he would have taken the same 
route back from constructs to data which 
originally led him from data to econ- 
structs. This is the situation against 
which we desire to guard when we insist 
that the constructs must be extensive. 
They must permit the return to sense ex- 
perience on a different route than that 
taken originally into the realm of con- 
structs. Moreover, they must land the 
investigator at a point in sense experi- 
ence different from the starting point. 
Thus, in the present example, this eri- 
terion was satisfied because Newton was 
able to predict position and velocity of 
the apple at a different time than when 
his original observation was made. 

So far, the illustration adverts to the 
barest minimum of extension to be re- 
quired among constructs. But the scien- 
tist demands more. Newton would have 
been dissatisfied if the formation he in- 
vented for this particular apple had not 
been valid for other apples, or indeed, 
for describing the motion of the moon. 
It is extension of a set of constructs, or 
a theory, in this more general sense that 
forms the metaphysical requirement here 
under discussion. 

Will the constructs of science ever be 
indefinitely extensive? Will there ever 
be one theory capable of explaining uni- 
formly all phenomena? Many thought- 
ful investigations fervently affirm this 
theory, but their answer is given in 
prophetic anticipation of their fondest 
hope, and not in cool appraisal of present 
trends. For there is at present less of a 
unifying tendeney than in other periods 
of the history of science, and the univer- 
sal extensibility of any theory may well 
be doubted. I therefore favor to include 
in this list of metaphysical requirements, 
not universal extensibility, but any finite 
sort of extensibility at all. 


(e) Perhaps the clearest and the most 
definite of the rules which valid theories 
satisfy is that of causality. Shorn of all 
technicalities, it amounts to this. One 
selects certain constructs having ‘‘ mag. 
nitude’’ and regards them as defining the 
state of some other construct called ob- 
ject, or system. The former are then 
fed as initial or boundary conditions into 
some mathematical formalism, usually a 
set of differential equations, and a solu- 
tion is obtained. This solution is valid 
at other times or places; the method has 
served to predict in a very general sense. 
Now when constructs can be selected so 
that this method is applicable, the theory 
containing them is called a causal one 
To obtain a causal theory it is not suff- 
cient to discover a law; it is necessary 
first of all to discover the proper con- 
structs which are symbolic of the en- 
pirical situation and which will pern 
the establishment of causal laws. The 
admirable feature in Galileo’s contribu 
tion to physies was his recognition of 
acceleration as the significant construct 
in the description of freely falling bodies 
—<iseovery of the law was easy after 
that. On the other hand, it is believed 
that the absence of causal laws in a large 
part of hydrodynamics continues not be- 
cause such laws do not exist, but because 
the variables through which phenomena 
ean be described causally have not been 
found. 

It should be evident that causality is 
not a quality which adheres to sense im- 
pressions. No one who is enmeshed in 
this basic fallacy can see how modern 
science functions. It is customary t 
say, of course, that the seen stroke of 
lightning is the cause of the heard thun- 
derclap. If this were meant in th 
primitive way of a relation between sense 
data, then it would be impossible to de- 
fend any law of causality in the face of 
3erkeley’s and Hume’s criticism. It, 
however, thunder and lightning are re- 
garded as physical disturbances and thus 
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as constructs, they stand indeed in a 
causal relation via the laws of physies. 
What significance, then, is to be ascribed 
to the statement: we live in a causal 
world? Only this: our experiences are 
such that they can be represented by 
construets subject to the methodological 
requirement of causality. 

It is often asserted that causality no 
longer holds in quantum theory. This, 
however, must not be taken too seriously. 
The facts are these. In classical physics, 
the variables leading to causal descrip- 
tion are, principally, the position and 
the momentum of a body. These fail to 
produce a causal representation for 
bodies on an atomic seale of magnitude. 
If, however, the state of the body is re- 
defined in terms of other constructs the 
scheme becomes causal again. What 
worries many writers is that position 
and momentum still are not causally de- 
termined. But this is hardly more sur- 
prising than the fact that Newton’s laws 
are non-causal with respect to the color 
of the object they describe. 

(f) The list of metaphysical require- 
ments would be incomplete without in- 
clusion of one final item, simplicity. This 
not mean that constructs to be 
simple, must partake of immediately in- 
tuited properties designed for visualiza- 
tion: explanation need not be in terms of 
mechanical or any other kind of models. 
But it does mean that the number of 
independently defined constructs appear- 
ing in any theory be held to a minimum. 
Thus, for example, the electromagnetic 
theory of light is simpler than the elastic 
ether theory, although the latter is far 
more readily visualized than the former. 
The fault of the ether hypothesis is that 
it becomes top-heavy with artificial as- 
sumptions when it is made to account for 
the speed of light and other matters. It 
violates the requirement of simplicity. 

This postulate is vague indeed. Its 
vagueness, however, does not impair its 
use; for it is invoked only when two rival 


does 


theories compete for acceptance. When 
that happens there is usually some dis- 
sention among history 
shows that it subsides and that the theory 
with the smaller number of independent 
constructs invariably —prevails—pro- 
vided, of course, that it is equally well 
confirmed. 

The requirement of confirmation has 
not been added to this list, for it is so 
basic in the scientist’s methodology that 
It inheres 


scientists, but 


it needs no special mention. 
in the possibility of per‘orming the cir- 
cuit of explanation sketched in the fore- 
going section and is equivalent to it. A 
scientific construct, or a set of constructs 
joined into a theory, is said to be valid if, 
aside from being a link in confirmed cir- 
cuits of explanation, it satisfies require- 
ments outlined above. 


THE PuysicaL UNIVERSE 


But what, then, is the physical uni- 
verse? To answer this question it is 
quite unnecessary to become involved in 
perplexing arguments concerning the 
external reality of things. For this lat- 
ter quality—if it be called a quality—we 
certainly do not observe it nor do we 
find a valid scientific construct which 
corresponds to it. Let us look at the 
situation carefully. Why do we say that 
certain external objects are part of the 
physical universe whereas a seen ghost 
is not? The basis in individual sense 
data may be equally vivid, strong and 
convineing; hallucinations are known to 
be often more vivid than bona fide per- 
ceptions. The reason for the distinction 
lies only in the fact that the external 
objects, as constructs, embed themselves 
in a peculiar nexus with other constructs, 
satisfying the metaphysical requirements 
for valid constructs in a simple, some- 
times rudimentary way, whereas the ap- 
parition does not. Things are said to be 
objective, external to us, or independent 
of our minds, when they partake of the 


relatedness and internal organization 
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which confers validity on constructs. 
The atom, the electron form part of the 
physical universe in this sense, and in no 
other. But their ‘‘reality,’’ if the term 
must be used, is therefore just as unques- 
tionable as that of more familiar con- 
structs. 

Some will insist that sense data, also, 
belong to the physical universe. There 
is, I suppose, no harm in admitting them 
if only the dichotomy existing between 
them and the other elements is not over- 
looked. To wipe out the distinction, 
however, and to treat constructs as 
though they were sense data, leads to all 
the confusion and infelicity of expres- 
sion, all the empty verbal argumentation 
which has often marred the philosophy 
of science. 

According to this view, the physical 
universe is changing. It is a dynamic 
universe, one that is not being discovered 
as a static entity, but constructed as a 
thing of growing complexity and, we 
hope, perfection. Understanding is a 
matter of approach to an ideal, not a 
grasping of a fact already there. I be- 
lieve that only this dynamic view con- 
veys the perspective of modern science; 
the older realistic doctrine imprisons its 
spirit and obstructs its creative force. 

If building a universe in which man’s 
thought and actions play a dominant 
role is deemed anthropomorphie, then 
the present conception is anthropomor- 
phic. The alternative, a universe apart 
from man’s thought and actions entrains 


the most embarrassing philosophical diffi- 
culties, and is without fertility in ethics 
and the social sciences. But here we ar 
perhaps approaching issues which maj 
be judged to be beyond the competence 
of present scientific methodology. Oppo 
nents of the exact sciences have spared 
none of their eloquence in disparaging 
the ephemeral nature of science. As an 
example, a most entertaining article by 
Stephen Leacock* may be cited. His 
criticism would not fail to be appreciated 
if the point of view of naive realism were 
still common among scientists; it would 
then be serious. As they stand, his aren- 
ments add further evidence to the con- 
structional, dynamic interpretation of 
the universe. Even the old realistic 
world was conceded to change its proper- 
ties in time. Why should it not change 
its contents when new, valid theories are 
developed ? 

The foregoing discussion emphasizes 
the inseparability of fundamental theory 
from all scientific pursuits. The empha- 
sis is perhaps untimely, since the practice 
in authoritarian countries, followed by a 
war-born shift of attitude even in the 
democracies, has added glamor to one- 
sided, practical scientific endeavors. Let 
no humanist fear, however, that this is a 
permanent change. For all science 
would stagnate without the benefit of 
theoretical and _ philosophical 
tion. 

4Stephen Leacock, Atlantic Monthly, May, 
1942, 
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SOME CTENOPHORE FISH-CATCHERS 


By Dr. E.. W. GUDGER 


HONORARY ASSOCIATE IN ICHTHYOLOGY, 


In a number of articles I have brought 
together all the facts and figures I could 
find relating to the fish-eatching and fish- 
eating habits of the Coelenterate, or hol- 
low-bodied, water-dwellers. These ani- 
mals, of which probably the best known 
are the fresh-water hydra and the ma- 
rine jellyfishes, sea anemones and coral 
polyps (not ‘‘insects’’), have a_pro- 
nounced radial or starfish-like symmetry, 
the organs radiating out from a common 
center. Most, if not all, have the mouth 
surrounded by tentacles and both body 
and tentacles are abundantly supplied 
with poisonous nettle cells. With the 
nettle cells fishes are paralyzed and with 
the tentacles are brought to the mouth, 
whence they are carried into the body 
cavity and there digested. 

The Ctenophores, or comb-bearers, as 
the figures show are transparent gelatin- 
ous water-dwellers, generally spherical 
or lobed, provided with a central cavity. 
They outwardly resemble the Coelenter- 
ates, with which they were formerly 
grouped. But they have only two ten- 
tacles instead of many and are entirely 
devoid of the poisonous stinging cells so 
characteristic of the Coelenterates. The 
tentacles are solid and each usually bears 
a row of short pinnae (Fig. 1). Both 
tentacles and pinnae are covered with 
cells called ‘‘eolloblasts,’’ or glue cells, 
which secrete little globules of gluey or 
adhesive matter. These cells with their 
secretion stick to any small objects which 
touch them, and hence with this secre- 
tion the Ctenophores catch their prey in 
very much the same fashion as the 
Coelenterates do with their stinging 
The comb-bearers have the swim- 
ming organs arranged in four radially 
placed comb-like plates. 


cells, 
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These characters and others not so ap- 
parent have led to the taking of these 
animals out of the coelenterate group 
and to the placing of them in a great 
zoological group or phylum of their own 
—the Ctenophora, or comb-bearers. 

And now, having cleared up these 
points, let us turn to the, to-us, more in- 
teresting and important matters of their 
food and feeding habits. 

The Ctenophores are not well known 
to the general run of zoologists and their 
food and feeding habits are almost un- 
known even to specialists in this group. 
Thus the author of the section on these 
animals in Volume I of the ‘‘ Cambridge 
Natural History’’ (1909) makes no ref- 
erence whatever to their food and feed- 
ing habits. While an American author- 
ity merely says of the Ctenophores that, 
“Their food crustaceans, 
fishes and other small animals, often in- 
cluding their own kind.’’ However, Al- 
fred G. Mayor, in his monograph on the 
Western North Atlantic Ctenophora, ex- 
plicitly states that ‘‘. . . their food con- 
sists largely of young fishes which they 
engulf in great numbers, seizing their 


consists of 


FIG. 1. CTENOPHORE FISH-CATCHER 
THE COMB-JELLY 10 MILLIMETERS LONG IN BODY, 
HAS LASSOED A 25-MILLIMETER BABY PIPEFISH.* 


* Each of the figures is after Lebour. 
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prey by means of their peculiar ‘‘Greif- 
zellen’ [pinnae].’’ Neither writer gives 
any references to help us along. It may 
be added that, when captured, Cteno- 
phores are generally empty. However, 
this must be attributed to rapid diges- 
tion rather than to a starvation diet. 

These small carnivorous marine ani- 
mals must feed on the minute forms, the 
plankton, floating or swimming at the 
surface of the sea. It seems impossible 
that they, being small, weak and appar- 
ently helpless, can catch and devour 
such relatively strong and active swim- 
mers as even small fishes. Information 
along this line is desirable and fortu- 
nately is fortheoming. 


Mertensia ovum, A F1isH-EATER 


When I wrote Dr. Henry B. Bigelow, 
Director of the Oceanographic Institute 
at Woods Hole, asking for information 
and references as to the fish-catching 
habits of the comb-bearers, he answered 
that the only one of which he had a 
record is that one bearing the formidable 
name above. It has no common name, 
unless we use the translation—Merten’s 
egg-shaped comb-bearer. In 1780 this 
form was discovered by Fabricius and 
by him named Mertensia in honor of 
Professor F. C. Mertens of Bremen, a 
marine botanist (if one may so desig- 
nate a student of seaweeds). Nothing 
unusual seems to have been known about 
this ecomb-bearer until in 1909 when Dr. 
Bigelow,’ on examining some specimens 
taken off the Labrador coast, found that 
one was a fish-eater. 

Of his specimen, Dr. Bigelow wrote 
that, ‘‘The voracity of this form is well 
illustrated by the fact that one indi- 
vidual [about 10 millimeters in height] 
had entirely engulfed a young sculpin 
no less than 21 millimeters long, the vie- 
tim being doubled up so as to fit into the 
digestive cavity of its captor.’ 
Coelenterates from Lab- 
Proc. U. 8. Nat. 


1 Henry B. Bigelow. 
rador and Newfoundland. 
Mus., 37: 317, 1909. 





Other than the above, all records com 
from Dr. Marie Lebour and from the 
Plymouth (England) Laboratory. In 
1922, she made the first of her records 
and (so far as I have found) the second 
known personal record that Ctenophores 
eatch and eat fishes. It seems well to 
quote her very words. In writing of the 
food of plankton organisms, she refers 
to that of one ctenophore kept under ob- 
servation in an aquarium with a plunger 
for aeration of the water without chang- 
ing it. 


Pleurobrachia pileus, a FISH-CATCHER 


This animal has no common name but 
a translation of its scientific name quite 
accurately describes it. Pilews means a 
cap, in allusion to the shape of the body 
of the animal, while Pleuwrobrachia ap- 
parently means having side branches, in 
allusion to the frilled chin strings of the 
cap, the tentacles with their many pin- 
nae—as shown in the figure. Of this 
animal, Dr. Lebour? writes (1922, p. 
665) that: ‘‘In other years when records 
were not kept, Pleurobrachia was often 
seen to be eating young fishes, although 
only one is recorded here [with a young 
Labrus in it].’’ Her records published 
in 1923° are much fuller and hence of 
greater value: 

Pleurobrachia is known to eat young fishes 
amongst the large variety of food which it takes. 
Several ranging, from 3 to 10 mm long, wert 
kept alive in the plunger jars from June t 
August, 1922. 

These ate .. . [among other organisms] pip 
fishes (Syngnathus, about 25 mm. or one inch 
long). In one ease a Pleurobrachia, about 10 
mm. long [body only] caught a pipefish, about 
25 mm. long (Fig. 1). After playing with it for 
half an hour the fish escaped, carrying most of 
the tentacle with it. The heads of the pipefishes 
eaten are usually ejected. A Pleurobrachia 
about 4 mm. long caught and partly digested a 
goby over 10 mm. long, which it could not get 
entirely into its mouth. 


2 Marie Lebour. The food of plankton organ 
isms. Jour. Marine Biol. Assoc., U. K., Ply- 
mouth, 12: 664-7, 1922. 

3 Marie Lebour. The food of plankton organ 
isms. II. Jour. Marine Biol. Assoc. U. K., 13: 
85-87, 1923. 








Come 

the 

In 
‘ords 
cond 
lores 
ll to 
F the 
fers 
r ob- 


LER 


but 
uite 
ns a 
ody 
ap- 
, 
the 
pin- 
this 

p. 
rds 
ten 
igh 
ing 
hed 

of 


shes 
kes. 


rere 


ipe 
neh 

10 
out 
for 

of 
hes 
hia 


ret 


in- 
ly- 








SOME CTENOPHORE FISH-CATCHERS (9 


When strong and well the Pleurobrachia has 
its tentacles with their pinnae fully outstretched 
and catches the food as it passes by, immediate 
reaction taking place at the touch of the prey, 
which is [held by the glue cells] entangled in 
the contracted tentacle and conveyed to the 
mouth and stomach. 

Dr. Lebour examined tow-net material 
collected in the eastern part of the Eng- 
lish Channel in January, 1923. Pleuro- 
brachias in it were very large—about 18 
millimeters in diameter. Nearly all of 
these had eaten fish eggs or young fishes, 
some of them having the mouth and 
stomach ‘enormously extended, the aper- 
ture being nearly half the diameter of 
the body,’’ as is shown in the subjoined 
Fig. 2. Here follow some detailed counts, 
segregated in lots according as_ the 
material came in. 

Of large Pleurobrachias (18-20 milli- 
meters in diameter), Lot I contained 
eggs and young fishes as follows—two 
contained one herring each; one, two 
herring; and one several herring; and 
three had swallowed plaice eggs. Of Lot 
II, three contained one herring each; 
one, had two; four had three; two had 
four; one had five; three were crammed 
with six herring each; and one with two 
larval plaice (much larger than the her- 
ring). Of Lot III, one contained sev- 
eral larval herring and three had eaten 
plaice eggs. Of Lot IV, Dr. Lebour 
notes ‘‘Many Pleurobrachia containing 
herring larvae.’’ Tow-net records for 
June, July and August, show various 
young fishes in smaller numbers con- 
tained in specimens of this Ctenophore. 

Now follows Dr. Lebour’s* interesting 
account (1925) of her observations of 
fish-catching by the Ctenophore lacking 
the long tentacles so skillfully used by 
Pleurobrachia. 


Bolina infundibulum CaTcHEs AND Eats 
Youna ANGLERS 

The dictionary tells us that Bolina is 

a made-up New Latin word but gives us 


‘Marie Lebour. Young Anglers in Captivity 
and some of their Enemies. Jour. Marine Biol. 
Assoc, V. K., 13: 728, 1925. 








ae 


FIG. 2. A CTENOPHORE 
FILLED WITH YOUNG HERRING. THIS SPECIES 
FEEDS EXTENSIVELY ON LARVAL HERRING. 


no derivation. Infundibulum refers to 
the funnel-shaped mouth. Hence this 
Ctenophore is Bolina with the funnel- 
shaped mouth—into which it takes little 
fishes. And here is how it does it. 


These lobate etenophores appeared suddenly in 
the jar early in the spring, having apparently 
been introduced as eggs when very fine plankton 
was put in. They had been feeding freely on 
copepods and it was thought that the Anglers 
would be safe beside them. This was, however, 
not the ease, for the Bolina caught and ate many 
of the little fishes. The method adopted was 
interesting. The ctenophore would catch an 
actively moving fish with its tentacles, which 
although short are very powerful, and as the fish 
struggled the lobes would close on it, shutting 
it in, when it was quickly taken by the mouth, 
from there it reached the stomach and was 
digested [Fig. 5 a-d; my Fig. 3 a-d]. Bolina 
from 4 mm. to 30 mm. long would catch fishes 
in this way, the smallest taking one longer than 
itself, the largest sometimes taking two at a time 
or eating one after another. Bolina is thus seen 
to be extremely voracious and evidently able to 
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FIG. 3. 


tackle larger food than any previous knowledge 
of its feeding habits has hitherto shown. Alto- 
gether it accounted for the death of many of the 
Anglers, which would quickly run out of the way 
and hence required a good deal of catching. 
Those of all ages, from newly hatched specimens 
to those of the tenth day, were taken and always 
from near the surface or center of the jar never 
at the bottom. 

By now the reader is asking, ‘‘Can 
these animals, which are so small and 
helpless, do so much damage to a crop 
of young fishes as to justify their being 
designated as their ‘enemies’?’’ On this 
point we have the following general 
statement from Mayor’ (1912) : ‘‘In cold 
northern waters, where Ctenophores oc- 
cur in vast swarms, they constitute a 
serious menace to the cod fisheries by 
devouring the pelagic eggs and young 
fish.’’ Then when one reads in Dr. Le- 
bour’s seanty records that nine had 

5 Alfred G. Mayor. The Ctenophores of the 
Atlantie Coast of North America. Carnegie In- 
stitution of Washington. (Ctenophores feeding 
on fishes, pp. 6 and 7). 


THE COMB-BEARER CAPTURES A YOUNG ANGLER 
(a) THE LITTE ANGLER WALKS INTO DANGER; (b) HE IS BEING FIRMLY GRASPED BY THE TENTACLES; 
(c) INGESTION IS GOING ON; (d) MAY BE LABELLED ‘‘ DIGESTED. ’’ 


eaten fish eggs; that several contained 
three, four and five fishes each, and that 
three had gorged themselves with six 
herring each; that several had swallowed 
fishes larger than themselves; and that 
in all 21 Ctenophores contained a total 
of 66 baby fishes—one must surely con- 
sider them as ‘‘enemies.”’ 
firmed when one learns that Ctenophores 
20 about in great shoals, sometimes acres 
in extent—all seeking food, young fishes 
among other things. 

To recapitulate: The few 
taken at random from tow-nettings show 
that these hungry little animals have 
eaptured considerable numbers of baby 
fishes. Multiply these few individuals 
by the countless numbers contained in 
an acre-sized shoal. Then from this 
astronomical number one can get an idea 
of the heavy toll of young fishes taken 
by these voracious Ctenophores. Surely 
they are to be set down as ‘‘ Enemies of 


Fishes. ’”’ 
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AN AMERICAN PIONEER IN SCIENCE, DR. 
WILLIAM CHARLES WELLS, 1757-1817 


By Dr. CHARLES A. KOFOID 
PROFESSOR EMERITUS OF ZOOLOGY, UNIVERSITY OF CALIFORNIA, BERKELEY 


In reality the only claim America has 
upon the fame of Dr. William Charles 
Wells (1757-1817), a pioneer in physies, 
meteorology, ophthalmology, epidemiol- 
ogy, and anticipator of Darwin, is his 
birth at Charlestown, South Carolina. 
He never forgot his Scottish ancestry 
and this allegiance was reinforced by his 
education at the Grammar School at 
Dumfries, and his medical degree from 
Edinburgh. Furthermore his whole in- 
tellectual hfe was later centered in the 
Royal Society of London. 

He never mentions his native land, 
never sought the acquaintance of Ben- 
jamin Franklin, and his recollections of 
Charlestown were embittered by memo- 
ries of court-martials of fellow citizens 
in the political turmoil of the rising tide 
of the Revolution. As a refugee loyalist 
at the close of the War of Independence 
he had sought asylum in Florida where, 
with the aid of a ‘‘Printer’s Grammar’”’ 
and a negro slave, he set up and printed 
the first newspaper published in that 
state. His brief career in Charlestown 
as a printer, publisher, and merchant 
culminated in the settlement of the 
family estate which left him saddled with 
a debt of honor of £600 which it took him 
many years to pay off. His lingering 
bitterness against his American back- 
ground emerges in his anonymous tirade 
in the London Advertiser against the fit- 
ness of Henry Laurens, chairman of the 
Constitutional Convention, to represent 
the American Republie at the Court of 
St. James. 

There was, however, one bright spot 
in this dismal background. It was the 
friendship of Dr. Alexander Garden of 
Charlestown, his guide and counsellor in 


youth and his medical preceptor. Dr. 
Garden was the leading scientist of the 
Carolinas, a correspondent and member 
of the Royal Society, and a botanist of 
note whose name is enshrined in the fra- 
vrant Gardenia. In the atmosphere of 
this friendship Wells’ scientific and 
medical interests found a congenial en- 
vironment and he records his apprecia- 
tion of its lasting influence upon his 
career. 

It was this American environment, 
however, which gave Wells an insight 
into the contrasts between the white and 
negro races and revealed to his analyti- 
cal mind their differential survival to 
the decimating diseases of consumption 
and ague, a contrast which was of assis- 
tance to him in formulating his theory 
of natural selection. 

Like many American youths of his 
day he went to the University of Edin- 
burgh where he attended medical lece- 
tures, passed the examinations, but 
wrote his thesis in Leyden in 1779 on De 
Frigore, a forecast ci his lifelong inter- 
est in the formation of dew. After 
attendance at St. Bartholomew’s Hos- 
pital in London he returned to Edin- 
burgh for his degree in 1780. 

Scientific ideas vary greatly in their 
significance. Some concern only a minor 
supporting factor in a larger edifice, 
such as the meaning of vestigial organs 
seen in the gill slits in the neck of the 
mammalian embryo but never directly 
used in respiration. Others form the 
foundation of a growing and changing 
superstructure whence radiate  influ- 
ences which stimulate new points of view 
in widely different fields of human 
thought and activity. Such an idea is 
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that of the origin of species by natural 
selection, often called Darwinism, or less 
accurately evolution, or to limit it to the 
living world, organic evolution. 

Charles Darwin, however, did not use 
the word evolution in his ‘‘Origin of 
Species,’’ but his masterpiece attracted 
world-wide attention to the process to 
which the writings of Herbert Spencer 
and Thomas H. Huxley later attached 
the word evolution and thus gave to it a 
lasting place in popular parlance. 

Wherever some seemingly new idea is 
broached, given popularity, and comes 
to be associated with the proposer’s 
name, critics appear who find that the 
theme after all is not so new, that others 
have expressed the same bright idea. 
They thus proceed to rub off the sheen 
from the supposedly pristine contribu- 
tion. Exactly this happened to Charles 
Darwin’s concept (1859) of the origin of 
species by natural selection. By the 
time the fourth edition (1866) of his 


masterpiece appeared his expanding cor- 
respondence had brought to him evi- 
dence that he had been explicitly antici- 
pated by at least two naturalists of 


British affiliation. He generously gave 
eredit to his anticipators in his historical 
introduction to that edition. These 
anticipators were Matthews in his 
‘‘Naval Timber’’ and Dr. W. C. Wells 
in his ‘‘ Account of a White Female part 
of whose skin resembles that of a Negro.”’ 

One would hardly expect the outline 
of a major biological theory in a dry and 
technical treatise urging an adequate 
and continuous supply of building mate- 
rial for the bulwarks of the ‘‘ Royal 
Oaks’’ of Britain’s navy. Yet here it is 
in Matthews work interlarded in a plea 
for more oaks, not of the ordinary qual- 
ity but of an increasingly better one. 
This is to be accomplished by a survey 
of all of the known varieties of oaks, the 
selection of the finest and their inter- 
breeding, the planting of acorns from 
these paragons which would supposedly 
transmit to their progeny the qualities 


selected. Then in due time the British 
forests of oak would be transformed into 
croves of new and better oaks. 

The second anticipator of this discoy- 
ery of change in the hereditary patterns 
of living things by natural selection both 
deserved and received Darwin’s fullest 
recognition. He cites Wells’ paper on 
‘*An Account of a White Female part of 
whose skin resembles that of a Negro” 
read before the Royal Society of London 
in 1813 but not published till 1818 after 
the author’s death, He acknowledges 
that in this paper Wells distinctly recog- 
nizes the principle of natural selection 
and that this was the first published 
statement of that principle, but states 
that Wells applied it only to the races of 
men and to certain characters alone. In 
these restrictions Darwin overlooked the 
fact that Wells noted that ‘‘amongst 
men as well as among animals varieties 
of a greater or less magnitude are con- 
stantly occurring’’ and that he also spe- 
cifically cited selection constantly occur- 
ring in sheep. Wells also compared 
natural selection in human echaracteris- 
tics with man’s artificial selection among 
variations of his domesticated animals, 
noted the survival value of the varia- 
tions on which selection acted, the 
swamping out of these characters by 
interbreeding, the non-inheritance of 
some characters (since he knew nothing 
of Mendelism and recessive characters 
and the effect of isolation in conserving 
the characters selected. By a clean-cut 
process of ratiocination he resolves this 
instance of a pinto female into a full- 
blown theory of variation, selection, 
descent with modification, and the origin 
of new races of men. He draws upon his 
knowledge of the reaction of human 
races to disease as an instance of the 
operation of selection. It is of interest 
on this point to recall that although 
Darwin had studied medicine at Edin- 
burgh he never mentions disease as a S¢- 
lective agency in his ‘‘Origin of Species’ 
and only casually notes it in his ‘‘ Descent 
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of Man.’’ Wells, on the other hand, 
utilizes it as a potent agency in the evo- 
lutionary process. 

The wish to learn more of the char- 
acter and other writings of this antici- 
pator of Darwin led me in a month of 
leisure in November 1936 to consult the 
vreat library of the British Museum and 
the manuseripts of the Royal Society. 
In the nearby library of the College of 
Physicians and Surgeons was found his 
contributions to the little known ‘‘ Trans- 
actions of a Society for the Improvement 
of Medicine and Chirurgy,’’ all but still- 
born before its time, which bear further 
witness to the intellectual keenness of 
Wells’ mind. Before the days of Pas- 
teur he maintained that erysipelas was 
contagious and long before the word epi- 
demiology was coined he _ pioneered 
therein with a discussion of the seeming 
opposition in oceurrenece between con- 
sumption and ague. 

It was not, however, in his chosen pro- 
fession that Wells exhibited his prowess, 
for he seems to have been but a mediocre 
practitioner, barely eking out a meager 
living in spite of his affiliation with one 
of the greatest of London’s hospitals. 
He was, however, constructively inter- 
ested in the standing of his profession as 
shown by his fight for the rights of 
graduates of Scottish Universities as 
the entrenched privileges of 

Oxford and Cambridge who 
then constituted the membership of the 
College of Physicians and Surgeons. A 
court decision had equalized these but 
the privileged group had as yet made no 
move to put the liberal policy in action. 
When later the College of Physicians 
and Surgeons offered membership to him 
he declined it because of this illiberal 
policy. 

His scientific fame rests on three con- 
tributions in widely separated fields, 
namely his anticipation of the evolution- 
ary doctrine of natural selection, his 
penetrating discussion of the perennial 
problem of single vision with two eyes, 


against 
those of 


and the logical explanation of the reeur- 
rent commonplace of the deposition of 
dew on clear nights. 

The first of these touches upon a theme 
of greatest importance, namely, the fae- 


tors in organic evolution. It also antici- 


pates in its statement of the argument, 
Darwin’s own presentation of the origin 


This, 
however, was the least elaborated of the 
three major contributions and remained 
unpublished until after his death and 
practically unnoticed thereafter, until 
Darwin gave it posthumous fame in the 
historical introduction to the fourth edi- 
tion of the ‘‘Origin of Species.’? At 
Wells’ the 


process is only a casual comment on an 


of species by natural selection. 


most reference to selective 
interesting abnormality occasioned by his 
contact with a case of a White Pinto, that 
is, a person with contrasted regions of 
white and black skin. This led to his dis- 
quisition on the causes of differences in 
eolor and form between the white and 
negro races of men. This paper was pre- 
sented by Wells before the Royal Society 
of London on the first and eighth of 
April, 1813. In the manuscript book of 
minutes of the Royal Society the secre- 
tary gives an excellent the 
paper, possibly furnished by Wells, but 
no comment appears in the record for 
this division between two sessions or of 
any discussion aroused by its reading. 
The paper was published after his death 
but excited no comment or criticism at 
that time or later. 

The manuscript of this paper 
found upon search among the uncata- 
logued papers of the Royal Society by 
whose courtesy a photostat was made of 
it. A comparison of this with Wells’ 
signature in the records of the Royal 
Society supports the conjecture that the 
manuscript is in Wells’ own handwrit- 
ing. A comparison of this manuscript 
with the text of the article in his col- 
lected works, edited presumably by Dr. 
-atrick, reveals no evidence of modifica- 


résumé of 


was 
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tion due to contemporary discussion or 
general criticism. It was only after the 
doctrine of Special Creation had been 
challenged that Wells’ ideas acquired 
significance. 

A search for evidences that he had 
been directly influenced by contempor- 
ary French thought on evolution was 
fruitless, there being no suggestion that 
he had made contacts with either Buffon 
or Lamarck or that he even knew of their 
writings. A possible indirect relation 
exists through his friend David Hume, 
who visited France and writes of his 
pleasure in his conversations with the 
brilliant Buffon. All of this goes to 
show that Wells himself was unaware in 
his time of the far-reaching turmoil of 
thought which would one day be set in 
motion by his easual ideas on natural 
selection, under the impetus of Charles 
Darwin. 

Wells’ however, not so 


fame _ rests, 


much upon his anticipations of Darwin as 


b 


upon his ‘‘ Essay on Dew.’’ His interest 
in temperature and the far-reaching 
effects of its changes upon nature and 
man was further stimulated by one of 
his patients, a retired merchant from 
India, who told him of the commercial 
production of ice in Caleutta by the 
primitive method of exposing water on 
clear nights in shallow pans of porous 
earthenware on wet straw in the un- 
shaded moonlight. The rapid radiation 
of heat from the pan and the straw, 
under these conditions, sufficed to form 
ice in the pan. Wells was wont to leave 
the perpetual haze of London and to 
experiment on the formation of dew in 
the garden of his merchant friend in the 
moonlit suburbs. These experiments led 


in time to his ‘‘Essay on Dew’? which 
won for him the Rumford gold and silver 
medals and membership in the Royal 
Society of London, than which there js 
no higher scientific honor. 

Many other physicists and meteorol- 
ogists had anticipated Wells in experi. 
mental analyses of various factors in the 
formation of dew, but it remained for 
him on the basis of his own experiments 
to determine and to formulate a com 
plete theory. So complete and so logical 
was this presentation that John Stuart 
Mill in his ‘‘System of Logic’’ quotes this 
essay as a perfect example of logical 
induction. He coneludes that ‘‘The ae- 
cumulated proof of which the ‘Theory o! 
Dew’ has been found susceptible is a 
striking instance of the fullness of as 
surance which the inductive evidence o! 
laws of causation may attain, in cases in 
which the invariable sequence is by n 
means obvious to the superficial view.’ 
Herschel selects Wells’ theory of dew as 
‘fone of the most beautiful specimens \ 
can call to mind of inductive experimen 
tal enquiry lying within a moderate con 
pass. ’’ 

Science advances step by step of ver 
fiable discoveries of basic truths and by 
the incorporation of these in hypotheses 
the reliability of which ean be tested by 
experiment. The inductive method 0! 
scientific discovery which Lord Bacoi 
advocated but never used was logicall) 
and expertly applied by Wells. His 
work is a milestone in the history of sc 
ence. He had one of those rare analyt! 
eal minds which discover and formulat 
from the temporary and commonplace 
the abiding and universal laws 0! 
nature. 
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CIVILIZATION AND TEETH! 
our Teeth: Their Past, Present and 
robable Future’? is a perfect résumé of 
| history and is the only book I have 
read, scientific or otherwise, with which 
ee in every respect. From the num- 
references cited, it must have 
extensive reading and study, as 

as time, to abstraet and compile all 
data accumulated. It is a book which 

| be read not only by every dentist, 

by every dental student as well, for 
facts presented will help the student 
beginning of his dental career 

being misled by the ‘‘cure-alls’’ for 
lental troubles which are flooding the 
However, I doubt 


] 


tal offices to-day. 
f many lav readers will continue beyond 

the first or second chapters, as few people 

lav are interested in preventive den 
tistry or medicine. I make this observa- 
from my own practice, where the 
arge majority of my patients refuse to 
listen or to do those things which will 
prevent additional cavities. While this 
hook is one of facts, it does not give the 
ental profession the answer to the ques 
“What can IT do to preserve beauti- 
teeth ?,’? and Tam still in a quandary 
sto what IT should do with my patients 
prevent dental decay. 

There is no doubt that civilization is 
‘ause of dental diseases. The process 
hewing is a lost art, for most of our 
wing has been done at Battle Creek, 
ligan, and other centers where pre 
(| foods are made. At the table, the 
tle child of three or four is told to keep 

ips shut and not make any noise In 

process of eating, which is a physical 
ossibility with real chewing. And 
r eating this mush and paste that 


Teeth 5 Their Past, Prese nt and Prob 
Future. Peter J. Brekhus. Illustrated. 


55 pp. $2.50. 1941. The University of 


sota Press. 
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foods have become, this little child must 
not take his tongue and clean the gums 
and tissues to rid the mouth immediately 
of large food particles Instead, the 
debris is allowed to remain there, for it 
is not nice and not good manners to hear 
the noises of saliva going around and be- 
tween the teeth. Thus, the interproximal 
spaces and gingival margins are crammed 
with this food material, until sueh time 
as the child is old enough to use a tooth 
brush. And, then, what is the child 
viven? A brush which is stiff enough to 
take the surface from any furniture, 
with which he is taught to serub the 
bueeal and labial surfaces of the teeth 
with some kind of tooth powder or paste, 
doing absolutely nothing for the inter- 
proximal spaces, where most of the 
trouble begins. It is true that a clean 
tooth never decays, and to clean the 
buecal and labial surfaces of the teeth, 
Which usually never decay anyway, is 
about all that is accomplished by the 
average person. 

The result of this modern culture is 
that the chemistry and bacteriology of 
the retained foods cause the teeth to dis- 
integrate, with the resultant pvorrhea 
and abscesses, which have impaired the 
health of many individuals. This is de 
scribed fully in the second and third 
chapters 

By reason of modern foods, loss of 
teeth and impaired function from gen 
eration to generation, we come down to 
the present day of dental deformities 
and the lack of physical development of 
the individual in a large number of eases, 
when we study and compare the teeth of 
those peoples who live primitively and 
the transition in animals from their 
native land to the domestie home. These 
data are clearly proved by the facts pre 


sented in chapters seven and eight. 
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wonderful strides made in den 


The 
tistry have not kept pace with the erving 


need for more dentists, and I believe it 


is an impossibility at the present time to 


have sufficient dentistry in every town 


and village to care for all the children 


and adults who need attention. All the 


CONGTVASSeS, and recommenda 


SUPVe\ S 
will 


to state and federal agencies 


tions 
help, but they will never correct or pre 
widespread disease of 
It is true that 


for the 


vent the most 
civilization, dental caries. 
we have investigators searchine 
cause of our tooth troubles with the aid 
of the microscope, modern chemistry and 
biochemistry, but I agree with the author 
that the end investiga 
tions will vet us nowhere until we change 
back to the 


results of these 


our mode of livine, gvoime 


“evood old days,’? which are gone, never 
to return. Just about the time, in een- 
erations to come, that a ‘‘cure-all’’ for 
dental ills will have been discovered, the 
human race will probably be devoid of 


teeth, and then, of course, the ‘Scure-all’’ 
will be 
One subject on which the author has 


that 


WnNecessary. 


not touched is the clear evidence 
under normal conditions the use of the 
toothbrush is not indicated and that peo 
ple should not need to clean their teeth. 
The clear mucine which covers the teeth 
at all 
against acids taken into the mouth in the 


times is. the protective coating 
form of foods, such as the acid of lemon. 
The enamel of a tooth, perfectly clean 
and free of mucine, immersed in lemon 
juice will be etched much the same as 
hvdrofluorie acid will etch glass, and if 
the could be 
changed 
mucine, it would not collect these liquid 
hold against the teeth 
with the consequent decay. With me, to- 


day the question is, ‘‘ Which does the 


mucine of modern man 


to the qualities of primitive 


foods and them 


ereater damage, ‘depraved saliva’ or 
scrubbing with a toothbrush ?”’ 
mend to my patients the use of the softest 


toothbrush available, so that they will be 


| recom 


MONTHLY 


able to mash the brush between the 


proximal spaces without injuring 
elms, to remove this film of mueine 
its contained food particles, In a 
‘depraved saliva’? « 


cliet to 


few cases, this ‘ 


has been changed by one 
will not collect these food particles 
a complicated diet, bit 
No artificial sugar, but the 


no white fi 


just na 
foods. 
ural sugars of ripe fruits; 
ho ples, cakes, nor candy; just nat 


fruits, veeetables, imeat. 


foo iS 


evos, butter, ete., properly cooked 


The 


calamity, 


past Is prologue, the prese 


and the future will take 
of itself, 
R. K. THomeso: 


A PHILOSOPHY OF EDUCATION 
The idea underlying this volumi 

the philosophy of education is a ver 

One, 


cellent Indeed it is unique an 


books in this field. Even thoueh thi 
cution of the book does not quite live 
to the excellence of its conception 
unique approach to the philosop! 
education amply justifies its publicat 
and recommends its readine and st 
The way in which the book is conce 
and organized is very reminiscent of 
Hutchins 
in his lectures published 
Amer 
attention to a cert 


He finds 1 


students study a great variety of disc 


role President assigned 
philosophy 
“The Higher 


There he 


atomism in our education. 


Learning in 


calls 


courses, but nowhere Is provision 1 


them into Integral 
other. 


philosophy. 


for bringing any 
relation This should 
the role of Philoso 


should not be only one more atom in ¢ 


to each 


curriculum; on the contrary, it shoul 
even more an integrating matrix 
them all. Indeed, it should be the v 
queen of the arts and sciences. 
President Hutchins’ critics have bo 
heavily 
fn American Philosophy of Educati 


down so upon his partie 


(. Knode, editor. villi + 553 pp. $3.25. 
D. Van Nostrand and Company. 
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vy that the importance he has 
to the unique role of ans philos 
s been unfortunately much nee 
This function of philosophy, far 


overlooked in the volume un 


he 


leration, is the very principle 


ranization. To the editor and his 


+ 


rators it appears that a satisfac 
ilosophy of education is not an 
nor narrow set of educational 
s concerning the methods and cur 
the school. Rather is it a point 
which draws its streneth from an 
acquaintance with the broad 
culture, 
the opening chapters of the book 
ing teacher’s attention is first di- 
to the background materials in 
history, philosophy, literature 
arts which he will need as a 
for his philosophy of education. 


“litor’s collaborators have contrib 


chapters in these fields which are 
able for the way in which they have 
zed the most Important items in the 


mv of space allotted. The editor 


f has contributed the philosophical 


rround. But most significant he has 
en the all-important chapter, ‘To 


Svnthesis. ’’ 
already said, this is an excellent 
n for a book on the philosophy of 
on. But it has limitations—of 
on if not of design. In the first 
it lacks chapters on parts of the 
‘al background whieh are emi- 
necessary, such as chapters on 


s and economics. This is not to 


that these topics are altogether 


ed, but they are not given coordi- 
tatus, as they should be, with such 


chapters as those Ol) bioloey. psvchologs 


ana SOCLOLOYS 1h the second place 


+ 


book seems to have overdone its 
merit; it appears 

the direction of cultur 

a philosophy of education. There is such 
an emphasis on cultural point of view 
that anxiety may seriously be entertaimed 
whether the ‘‘voung teacher,”*> to whom 
the introduction is addressed, will readily 
see its application or significance for the 
practical every-day concerns of method, 
curriculum and administrataion Per 
haps this is the area to which classroom 
Instruction is to address itself. In other 
words, in the last place, there is a larger 
job of ‘svnthesis”’ to be done than just 
one chapter allows for The editor has 
striven valiantly to brine the materials 
of a dozen or more chapters into focus 
but the materials with which he was 
wrestling were so vast that he might well 
have allowed himself at least two or three 
more chapters in which to complete his 
task. 

The very least that can be said for the 
book is that it is a definite and worthy 
contribution to the teaching of philos 
ophy of education at its weakest point in 
this country, the cultural background of 
the prospective teacher. It is a cultural 
orientataion and summary for him = it 
nothing else. As such it should be at 
least a companion or supplementary vol 
ume for almost any course in the philos 
ophy of edueation that one could men 
tion. At best, particularly with good 
teaching, the book can aspire to the regal 
role prescribed by President Hutchins 
for philosophy 

JouUN S. BRUBACTIER 
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DR. ARTHUR B. LAMB, RECIPIENT OF THE 
WILLIAM H. NICHOLS MEDAL'! 


age 


of specialization which is 
hatl- 


IN an 

onstantly becoming deeper and 
rower especially in the sciences, Arthur 
Becket Lamb is an inspiring exception, 
He stands as solid proof that broad train- 
o and experience are not incompatible 

the highest success in a narrower 

field. His achievement of the latter was 
evidenced by an award of a ‘‘star’’ in 
the third edition of ‘American Men of 
Entering high school at the 
Attleboro, Massachu- 
setts, he took the college 
which included Latin, 
French, algebra, geometry and _ history 


Science.’’ 
we of twelve in 
preparatory 
‘“ourse Greek, 
He had early shown a talent in drawing 
id so spent his Saturdays taking draw- 
ing lessons and also lessons in German. 
Through the Superintendent of Schools, 
who was an enthusiastic amateur. as- 
tronomer, Lamb and some of his chums 
The 


little group specialized in double stars 


followed the same fascinating route. 


ind tried to spot all which could be re- 
solved by their eight-inch instrument. 
When the parents of the little group re- 
belled against the midnight and early 
morning hours, Lamb’s interest: turned 
He finally bought the 


from Bausch 


to IICroscopes. 


difficult and 


more 


parts 


Lomb and constructed a microscope of 


own in the tool-room of his father’s 
The the 
oscope showed him a lot about tools 


ry factory. making of 


metal-working techniques, and its 


varded by the New York Section of the 
in Chemical Society, to the author or 
of the best 


of chemist ry. faa 


paper ‘fon the seience or 


Investigators are eli 
ho have published original contributions 
of the 


publications of the American 


Society, or those under its 


AUSPILCes, 
the three years preceding the presenta 


t 
ao 
ing. 


use opened his eves to the multifarious 
ana life in the 


ponds of the countryside 


beautiful streams and 


During his 
high school vears Lamb’s keenest formal 
interest was in mathematics. He was one 
of those rare individuals who does mathe 
matical problems for the fun of it. He 
dabbled in for tri 


angle 


even constructions 
and for lavine out a 
Although he took no 


regular science course in high school, he 


sectine’ an 


regular pentagon. 


spent some spare time with the introdue 


tory portions of the four volumes by 
Roscoe and Schorlemmer, the only chem 
He also 
worked a little in the physics laboratory 
after On being quizzed on his 
sclence activities in hieh Lamb 
admits that the only experiment he re 


members is the measurement of the sur 


istry work in the school library. 


hours. 


school. 


face tension of water by the drop-weight 
method, but led 
him to carry out this unusual experiment. 


he can not recall what 


His senior vear corresponded with Roent- 
He and 


( ‘Yrookes’ 


ven’s discovery of x-rays. his 


friends combined a small tube 


and a frictional eleetrie @wenerator and 


were able to take a shadow picture of a 
kev placed against a box containing a 
protected photographie plate 

Tufts Col 


interested in 


At sixteen, Lamb entered 


lege and quickly became 
knowl 
skill 
at drawing. He with biology 
Bachelor and Master’ 
His thesis for the latter was on 


probably because of his 


the 


bioloe, 


edee ot Microscope ana his 


staved 
through his s de- 
wrees. 
the eve muscles of the common doe fish 
Nqualus acanthias). This was his first 


published article. Durine his” college 


vears, he continued his interest in mathe 
Inatics, going through quaternions and 
the Theorem He 


Newtonian Potential 





ry ’ 
| | | I: 
4 


THE 


also took practically all of the courses in 
‘finally 
During 


chemistry which were offered. Ee 
into that field. 
» had started work with 


decided to move 
his senior vear he 
Arthur Michael on a small research prob- 
on lodine ox- 
Michael s 
chemistry, 
the 
away 


lem in inorganic chemistry 
ides. He 
interest, 
the isomerism of 


While Michael 


Lamb continued 


soon changed to 


major oreanie and 


studied coumarie 


acid. was for a 


vear his research and 
taught two of his advanced courses. As 
line he was continuing his interest 
in biology and published a short paper 


‘*Mechanics of Mitosis.’’ He 


a side 


also 


on the 


SCIEN TIE TE 


VILLIAM H. 


MONTHLY 


NICHOLS MEDAL 


spent a summer at the Marine Biolog 


Station at Harpswell and sueceede 
with the sand dollar the 


Loel 


repeating 
lant 
parthogenetic development. 

After the Master’s d 
Lamb decided definitely to go into | 


experiment of Jacques 


receiving 
istry, and into physical chemistry at | 


Meanwhile 


chemistry. 


he continued his work 
Althoueh he had 


planned to go to Johns Ho, 


ean 
Inally 
was change 
Theodore William Rie} 


went to Cambridge and co 


University his decision 
his meetine 


SON, He 


trated on physical chemistry 
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we transferring to Harvard, Lamb 
mupleted all of the work for his 
Ph.D. in Tufts 
Arthur Michael, except for taking 

inal oral He finally 

n the same vear the Ph.D. in or- 
from Tufts the 
in physical chemistry from Har 


organic chemistry at 
examination. 


chemistry and 


a unique demonstration of versa 

The combination with a Master’s 

‘in zoology makes the achievement 
more remarkable. 

Lamb then went to Europe for a brief 


od to study in Leipzie, Heidelbere 


He then 


vear as instructor 


Goettingen. returned to 


Harvard for a and 
n went to New York University, where 
faved until 1912 and became Director 
the Laboratories. The latter vear he 

turned to Harvard, 
stayed continuously except for the period 


‘first World War which he spent it 


Washineton. 


has 


where he 


Karly in 1917 Lamb undertook some 
for the Military Intelligence De 
tment in Washineton on secret writ- 


Ile soon took up work on the re 


moval of carbon monoxide from air. This 
vork was done in collaboration with the 
te Charles R. Hoover, of Weslevan Uni- 

y, who lost his life in the present 
World War. 
a detector for 
they named ‘* Hoolamite.”’ 
that it contained iodine pentoxide, 

of the Lamb 
worked as an undereraduate with 
Late in 1917 Lamb took leave 
from Harvard became 
id of the Defense Section of what was 
become the Chemical Warfare Service 
vesearch Unit at the American Univer 


eCrsity, 
They eventually developed 
monoxide which 


It is interest- 


earbon 


substances on which 


Michael, 


ibsence and 


COMMIS 


it Washineton. He was 
ed a Lieutenant Colonel in” the 
C\WOS. A laree and effective oreaniza 


Was soon built up. One of the most 
tant achievements of the group was 
levelopment of the catalyst for the 


eCrsion of carbon monoxide In a Vas 
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This 


workers from Johns 


Inask into harmless carbon dioxide 
was carried out by 
Hopkins University and the University 


of California. The catalyst was finally 


called ** Hopealite’’ in honor of the two 
Universities. 
After the Armistice, Lamb went 


through a serious period of decision as 
to his future activities. At one time it 
that 
of the Research Division of the Chemieal 
Warfare He 


tempting offers to head research organi 


seemed he should continue as head 


also received 


Service. 
zations for SOTne ot the lareest corpora 
He finally decided, 


Before 


tions in the country 
however, to return to Harvard. 
doing so he served briefly as director of 
the Fixed Nitrogen Laboratory in Wash 
ington during the important period of 
its organization. 

While Lamb’s list of scientifie publica 
tions Is an imposing one and is character- 
ized by unusual diversity, his greatest 
achievement in science will undoubted|y 
stand as his editorship of the Journal of 
The American Chemical Society which he 
1917. 
the 


has held since Under his charge 


this has become ereatest chemical 
journal in the world. 

In 1940 Lamb was appointed dean of 
the Graduate School of Arts and Set- 
ences of Harvard University. 

Alone with his busy life he has found 
time to serve as a valued consultant to 
many large chemical industries and has 
achieved an outstanding position as a 
chemical expert in many important pat- 
ent litigations. He received prae 


tically all of the honors and recognitions 


has 


which can come to an American chemist, 
Including the National 
Academy ot Sciences and the presideney 
of the American Chemical Society. 

On the human side, Lamb is one of the 
and vet 


membership in 


most robust and virile of men 


Withal as kindly and friendly an indi 
vidual as one can ever hope to know 


Kk. C. Wiermort 
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MEDALISTS OF THE NATIONAL ACADEMY OF SCIENCES 


At its eightieth annual meeting the 
National Academy of Sciences awarded 
five medals to workers for extraordinary 
contributions to progress in- certain 
fields of This be- 


stowing a medal upon an individual as 


science. eustom of 
a tangible recognition of an important 
accomplishment is an old one; originat 
the 


times to commemorate acts of valor, it 


ine with armed forees in ancient 
has gradually been adopted by national 
organizations to honor individuals for 
various branches 


Within 


ganization special trust funds have been 


high achievements in 
of human endeavor. each or- 
set aside to encourage activity in special 
fields. 


by a special committee charged with the 


Each trust fund is administered 


responsibility of recommending to the 
organization candidates for the honor. 
Upon formal action by the organization 
the medal is awarded and then bestowed 
at an appropriate time. 


DR. 


PROFESSOR OF 


IRA SPRAGUE BOWEN 
CALIFORNIA INSTITUTE 
OF TECHNOLOGY. 


PHYSICS, 


The 


follows 


National 

this and 
the the annua 
dinner, at which the president ordinarily 


Academy of Sei 
procedure best 


medals on occasion of 


speaks on the status of the Academy an 


on the aid it has rendered to the vover; 
ment in problems on which advice has 
Under 
conditions the major part of the acti ity 


been asked. present war tim 
of the Academy is restricted to govern 
ment problems, upon which general re 
ports are made at closed sessions of the 
Academy, thus relieving the president 
of the 
progress. 

At the dinner this 
tendance was limited because of catering 
difficulties, to 
medalists. 


need for the usual statement of! 


annual vear at 


Academy members and 
President Jewett in his open- 
ing remarks deseribed briefly the five 
funds from 
The medals 


were then bestowed in the order of estab 


medal awards and the trust 
which they were derived. 


Harris & Fu 

COLUMBUS O’DONNELL ISELIN, IJ 
THI HOLE 
INSTITUTION. 


DIRECTOR OF WOODS OCEANOGRA 
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Bachrach 
H. COLBERT 
AND PALEONTOLOGY, 
NATURAL HISTORY. 


EDWIN 


GEOLOGY 


DR. 
(MENT OF 
RICAN MUSEUM OF 
each 


shment of the trust funds. In 


‘ase the president called upon the chair- 


man or representative of the committee 


vhich made the recommendation to pre 
sent the candidate and to state briefly 


reasons for the selection. 


The IT ¢ nry Drape r Gold Me dal 


Che Henry Draper Medal was awarded 
Dr. Ira Sprague Bowen, professor of 
sics, California Institute of Technol 

‘in recognition of his contributions 
stronomical physics; more especially 

lis researches on the spectra and chemi 
omposition of the Yaseous nebulae,’’ 
presentation speech was written by) 

+. H. Moore, of Lick Observatory, 
‘nan of the the 
Draper fund; in the absence of 

was Dr. S. A 


ell. To quote the first paragraph 


committee on 


\loore, it read by 
‘ speech: 

than three-quarters of a century 
s, a former Draper medalist, found that 


Blackstone 
CUSHMAN MURPHY 
AMERICAN M 


ROBERT 
OCEAN It 


DR. 


CURATOR OF BIRDS, 


‘ compose d if 


that 


the spectra OL Ce¢ rtain nebulae 


sharp isolated bright lines, proving 


then 


OAS. Some of the 


»* 


luminous material is rarefied 


ines were is those 


of hvdrogen, and, later, othe vere lentified 


as due to helium and ionize on, OXVgen, and 
nitrogen; but ne ly halt ren ebular radia 
| 


tions, including the two strong gre Ines, could 


not be matehe any t trial ul These 


+ 


MVS 


one of 
stronomys 


had st 


a y 7 
ande) Agassi Gold Vedal 


\edal 
Was bestowed upon Columbus QO’ Donnell 


Iselin, ai Director, Woods Hole 


‘for his studies of 


The uA 


The Agassiz with honorarium 


(dceeano 
eraphic [nstitution, 


the Gulf Stream system, for his leader 


ship in the development of a veneral 
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the physical oceanography 
Atlantic, and 


program of 


oft the North 


for his dis 


tinguished direction of the activities of 
the Woods Hole Oceanographic Institu 


tion, both in peace and in time of war.”’ 


The presentation speech was made b: 
Dr. Thomas Barbour, member of the 


Murray Fund 


mended the medalist. In 


Committee which recom 
his talk Dr 
Barbour recalled incidents in the life of 
Agassiz after whom the medal 
Sir John Murray, 


Alexander 


Was named I) donor 


Bac hha hi 
CONKLIN 


OOLOGY, PRINCETON I 


DR. EDWIN G. 


PARTMENT OF NIVERSITY. 


und. In 


‘Tl wish to put on record 


of the Miuurray the words of 
Dr. Barbour, 
the fact that 


could stand as 


I can think of no one who 


recipient and be more 


Mr. 


him whom we honor now. 


utterly satisfactory to Agassiz as 


Daniel Giraud Elliot Medal 


Daniel Elliot Medal for 
the vear 1935 was bestowed upon Dr. 
Kdwin H. Colbert, of the American Mu 
seiunm of Natural Tistory, 


7 he 
The 


Giraud 


In recoenition 


ana 


a laree 


MONTHLY 


of the high merits of his work ‘Si 
Museu 
published in 
Ameriean PP 
1935. The me 
Win. KK. Gre: 
Daniel 
Dr. Greeory en 


Mammals in the American 
Natural History,’’ 
Transactions of the 
sophical Society in 
was presented by Dr. 
a member of the Giraud E 
lund 


sized the importance of 


Committee. 
the work o 
Colbert on the fossil mammals of | 
in this field 
during the past century. Dr. Gre 
that in Dr. Colbert’s ‘‘det 
migration of cert 
the Siwaliks 


much work has been 
stated 
analysis on the 
mammals to and from 
see India as at the crossroads, exch: 


ing mammals with Kurope and At 


on the one hand, and with Asia 


North America on the other.”’ 
Giraud Elliot 
Year 19.36 

The Daniel Elliot Med 
1936, with accompanying honorari 


The Daniel Med 


for the 


Giraud 


$200, was given to Dr. Robert Cus! 
Murphy of the Museu 
Natural 
Importance of his 
South 


American 
History in) recognition o 
work on “Oc 
America’? publishe 
1936. 


written by Dr. 


Birds of 
two volumes in The presentat 


speech was ran 
Chapman; in his absence, it was rea 
Dr. Ross G. 
of the committee on the Daniel Gi 
Klliot fund 


the lone period of training had by 


Harrison, former chair 

Dr. Chapman emphas 
Murphy in preparation for his n 
eraph of 1,245 quarto pages on the 
ject. Tle spent several vears in val 


South America and 


re@lOUS oft 
later, the collection of 7 8538 ornithe 
H. I 


during four and one-half vears, rea 


eal specimens, eathered by I. 


the American Museum, Murphy, 1 


words of Dr. Chapman, ‘owas the 
experience, trall 
this collect 
With most of the species represente: 


he had 


whence 


man qualified by 
desire to interpret 
was familiar in life: and 


part of the area, 
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Thus his field studies, added to 
’s collections, made the ideal labora 
combination, 
lo the svstematie treatment of all 
there added 
of Murphy's discovery 
to the 
control as seals, 
The 


tempera 


medals S concerned, Was all 
ire sition that 
birds are subject Sale 


| of 


tur les. 


environmental 


and even fish. part 


ed in distribution by the 
of water as well as air, the influence 
vind and of currents, and the effects 
nsular isolation are also considered 

biographies, when available, are 
ni owith each species, and long-stand 
biologic problems like that presented 
the confusing relations of the steamer 


KS are satisfactorily treated.’’ 


The John J. Carty Medal 


The John J. Carty Medal with accom 
anving honorarium was bestowed upon 
Prince 
“om, 


Kmbry olowist : 


Edwin G. Conklin of 


University under the citation: 


Professor 
vist, Cytologist, and 
ilosopher, Teacher, and Scientist ; stu 

ent of life and of growth from lowliest 

to 
presentation speech was made = by 
O. KE. Buckley, of the 
umittee on the John JJ. fund. 
t he referred especially to the friend 


hegvinnine's highest consummation.’’ 
chairman 
Carty 


CGieneral ( 
influen 


| 
‘LAL 


ship between 


Conklin and to the 


the 


eCSpPer 


tT} 


philosophy on Carty’s 


WOraUS OF Dr Bue Lhe) 


In vratefully accepting the medal 
and award, Professor Conklin expressed 
he 


»reciplent 


the 


ereat and pleasure that 


SUPprise 
should have been chosen as the 
He appreciated thoroughly the act of 
committee which had thus associated his 
whon 
had 
He 


with 


name with that of General Carty, 
he hac 


evreatl l\ 


known for many vears and 
respected 
he hac 


subjects, ana 


them 


admired anal 
mentioned the 


( ‘arty 


CLISCUISSLONS 


Creneral On many 


the stimulus he had derived from 
and from the impact of General Carty ’s 
personality, 


W RIGHT, 


NCCT faru 


hE 
Home 


POWER FROM PULVERIZED COAL 


POTENTIAL reductions in the approxi 


million barrels of fuel oil 


| annually by the 
ts replacement with pulverized 


tely two 
forging industry 
coal 
shown to be possible in a recent sur 
made for Bituminous Coal Research, 
. by Battelle Memorial Institute, Co- 
Ohio. This 

ved attention on pulverized coal—its 


bus. has focussed re 

tory and its utilization. 

\s the 
and power, coal is the very founda 
of elviliza 


world’s principal source of 


our present industrial 


World consumption is about one 


‘° 
(a) 


half billion tons annually, and 


doubt that 


and one 


there is little eoal, both im 
solid and in pulverized forms, will lo 


continue to be the baste source 


country’s energy requirements 


enough bituminous 


$000 vears at 


estimates imdicate 
coal to last this countrys 
the present rate ot consti ption, or ? OOO 


vears if all our present energy demands 


were To he supplied 1 coal 
Pulverized coal, sometimes 
Is adaptable Hann 


Coal in this | 


powdered eCOal, 
Ord 


dustrial uses 


Whose moisture content has been 


COal 





Q®” 


duced and which subsequently has been 
ground to an extremely fine powder in 
special mills—has several advantages in 


certain applications. 


Work Began a Century Ago 


The technology of pulverized coal has 
been the object of study by engineers and 
Ex 
perimental work conducted as early as 
1831 by the 


Dawes, establishes 


scientists for more than a century. 
Knelishman, John Samuel 
early 
How- 


R. Cramp- 


him as an 
pioneer in pulverized coal firing. 
ever, to the Englishman, T. 
ton, must go the chief glory of the pio- 
neering period. In 1873 he read a paper 
before the British Iron and Steel Insti 
tute which expressed views which were 
fundamentally correct. The deductions 
that resulted from the five vears of ex 
work 
presentation were unusually sound. 


his 
He 


was strongly insistent on the importance 


perimental which preceded 


of the size of the fuel particles and of the 
His 


experiments were concerned with the use 


intimate mixture of air and. coal. 
of pulverized coal in steam boilers and 


puddling furnaces. 





y oe : j 
Lit 5 \= i 


” we 
ee 


METALLURGICAL APPLICATIONS OF 


SIMILAR 


INCLUDE ITS USE IN ROTARY MELTING FURNACES, 


IN THI 


THE SCIENTIFIC 


yw. 
* 
— 


FOREGROUND SUPPLIES TIII 
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It is reported that the numerous { 
ures which attended the early histor 
fuel applied in pulverized form resu 
in some contempt and ridicule in e 
neering circles. The heavy deteriorat 
of refractory linings, the rapid coat 
of boiler surfaces with an impervious 
sulatine laver of ash slag, irregulan 
of fuel control, the constant fear eit 
of spontaneous combustion or explos 
both of 


these early experiments, all combined 


which frequently occurred 


insure failure. 


Faults were eradually overcome. 


the turn of the century pulverized coal 


was being used) successfully in’ rotary 


cement kilns, where its success has be 
so marked that it can be claimed to a 
count for about eighty per cent. of 
world’s output of Portland cement. 


successful application to various metal 


lurgical furnaces and stationary boilers 


occurred in the 1915-1925 period, 


Metallurgical Applications Varied 


Metallurgical applications of pulver 
ized coal include its use in forge, melting 
billet piling, rever 


annealing, heating, 


Zi 


PULVERIZED COAL 


ro THE ONE SHOWN. rHE CURVED |! 


COAL-AIR MIXTURE, 
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~~. 
Seal 


BALL-RACE PULVERIZER, WIDELY USED IN THE PULVERIZING OF COAL 


beratory and puddling furnaces, as well 
In 1929 there were 
200 pulverized fuel plants installed) in 
the United States in connection with the 


as the open hearth. 


iron and steel industry, and they served 
2.900 furnaces which consumed 8,000,000 
tous of bituminous coal annually. One 
Pennsylvania plant used pulverized coal 
from 1913 to 1939 as a fuel for melting 


steel in the open hearth furnace. 
Although heating 


the major sources of the smoke nuisance 


domestic units are 

nh laree cities, the use of pulverized coal 

in metallurgical furnaces and for boiler 
ne can contribute to smoke abatement 
iuse of its smokeless combustion. 


Since 1920, when the first large boiler 


this country was successfully fired 


pulverized coal, its use as a fuel for 


steam boilers in industrial and 
‘utility plants has accelerated. To- 
pulverized coal is the predominant 


for this use. 


Virtually Comple te Combustion 


A lump of coal of one eubie inch, hav 
Ing six square inches of surface for ex 
posure to burning, by pulverization may 
50,000,000 


be reduced to upwards. of 


smal] particles, collectively presenting 
an assumed 2,000 square inches of oxi 
the 


burning of lump coal on a grate, it is 


dizable surface. If one visualizes 
apparent that combustion passes through 
a number of phases, and the rate of com 
bustion will depend on the rate at which 
the oxygen in the air can be brought into 
contact with the coal. 

Coal in the lump usually is slow burn 
rate of combustion can be 


ine’, but its 


accelerated ereatly by the adoption of 
foreed dratt. 


bon 


Even so, unconsumed ear 
the ash and 
the 


the minute particles 


sometimes remains in 


unburned fuel is carried to stack. 
On the other hand, 
of pulverized coal are discharged through 


a burner into the furnace complete with 
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the air required for complete combustion, 
and virtually perfect combustion can be 
Although at thought it 
t pulverized coal 


first 


obtained 


might appear that the 


would have a higher combustion rate, the 
rate is similar, per cubic foot of furnace 
volume, to that obtained with solid) coal 
In Stoker firing. 


Murnaces are often tired directly from 
Individual pulverizer mills with success 
that 


boiler 


equal to attained by direct-fired 


steam furnaces. However, it Is 


often desirable to pulverize at a central 


plant and distribute the coal to tadi 


vidual furnaces. There are various ways 


of achievine this distribution. Pulver 


ized coal when mixed with air can be 
made to flow through standard pipe over 
distances up to 5,000 feet, and the most 
COMMON TY pes of distribution utilize this 


property. 


’ 
J OMESECER 


Wider 


Power directly from coal has lone been 


Utilization 


and technolo 


lnstitute, un 


enemeers, 


the dream of 
Battelle Memorial 


wists at 
der the sponsorship of Bituminous Coal 


Research, are investigating this possi 


bility alone with other applications of 


pulverized coal 


MONTHLY 


As a further application, one wi 
that 
tempt to devise ways to ultilize pu 
ized 


because oft 


has suggested Germany may 


coal as an alreraft eneime 


her difficulty ino retan 
adequate supplies of petroleum. ‘| 
; 


the interestine fact that w 


about 1890, was) plannine 
tvpe of eneine which now bears his na 
his primary idea had been to employ 
dust as fuel. After several vears of 


perimental work, the engine which 
coustructed proved to be adapted to 
fuel but not at all to coal or even 
and so for this, as well as economic 
sons, its ultimate development was 
rected toward the utilization of oil 
Although unsuccessful as a locomotive 
advances s 


that pulverized c 


fuel azo, 
that 
will be an important locomotive fuel 


further 


twenty Vvears 


time indicate 
the future. Anticipating 


vances in coal science and technology 
one may expect still wider utilization 
this fuel of our ancestors by our proge 
and its advantages of complete combus 
tion, perfect control and flexibility will 
contribute much to its expanded use. 


R. O. Stir 


HUNTING FOR GRANDPA BUMPS 


The Redbeds of Northwestern Texas, 
containing the remains of many ancient 
worked for 
the dis 


have been 
ut 
covery of Grandpa Bumps only one large 
found in 


land vertebrates, 


seventy vears past. until 
ancient amphibian had been 
This 


t\ pe, 


these deposits. Was Krvops, a 


rather advanced familiar to mu- 


seum visitors and to readers of elemen 


tary texts. [To was consequently much 
surprised when, a dozen vears or so ago, 
I ran fragments representing a 
large new labyrinthodont. 


bits of backbone and 


upon 
The material 
Was very scrappy 
limbs and, most common, chunks of bone 
about the size of one’s fist. These bore, 


On one surface. the pitted sculpture 


skull bones ot early 


the 
amphibians and on the other, the broke 


COMMON On 


off bases of very laree teeth. 

Obviously the animal was a new one 
and since the remains were from a hor! 
zon lower than those normally 
very 


worked 


in Texas, the chances were 
that it might be a more primitive fi 
than the Texas beds 
The 
surely representative 0 
ines on the animal’s muzzle 


cause of their stout build, survived 


those common in 


characteristic ‘‘Snuewe@ets’? wer 
‘ thickened sw 


which, 


vicissitudes which had destroved the 1 
of the skull. It 
ably given the scientific name of Ed 


was therefore reas 


** swollen face.’?’ To those of us \ 





I 


first 


riy ’ 
Pith 
4 


however, the 


the 


his remains, 


for 
has been known by more 
ame Of “Grandpa Bumps.”’ 

Grandpa 


rar’ 


scraps found of 
1 


tes 
if 


hbeadda 


only whetted our appe 


We 
ut least a 
important features of amphib 
In cranial 


desired a= skeleton, POs 
skull—tfor of 


are, rev ealed 


ution 
Kor some Vears he eluded 


OcV. 
re and more scraps were found, 


nergies to exploring the formation 


skull or skeleton, or even 


a 
pieces that would fit toevether. 
one spring a few vears back, 


or 
I 


ly. 
ound it possible to get to Texas 
onth, and to take with me assis 
Witter, from the 
that 


trace 


reparator R. V 
Museum, it 


purpose 


decided 


to 


Was 


rd 


would be 


pa Bumps to his lair, and devote 


alone his remains were to be 


ich 


RECONSTRUCTED SKULL OF 


PROGRESS OF 


expected 


| OVrIZOM al 


a da\ 


SCIENCE 


cid 


We 


| 
DUSTLeSS | 


lrea I\ 


re ] 


HUISTaLIN 


We would return 


SOUT 


Ol ally 


no trace at all 


amphibian friend 
Cli before 


Came the last 


the train back to Cambridee 
resigned ourselves to failure 
Kdops, ana comtorted oursel 
thoueht that we had at least 
terestine PeclrmMels 


other in 


ine, as a last try stopper 
Terrapin School Behind tl white 
dropped sharply 


leatre. | 


schoolhouse the bank 


amphitl a 


Into a natural erhaps 
Its center was a flat mes 


plain. But 
more hieh, showed plenty 


mile across 
] 
rec ItS mMareimns, 


quite COVE 
feet 


fifty or 
Ol 
be found 


rock surfaces in fossils mieht 
slope 


So at the bottom of 


EDOPS— ‘GRANDPA BUMPS’? 
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we parted, Witter to work round the left 
side, | to the right, with the understand- 
ing that if all went as usual we would 
meet on the opposite side at lunch time. 

On my side of the hollow [ found 
plenty of clays and shales and gravels 
to be looked over, many a bank to climb 
and gullies to explore. But no trace 
of bone of any sort. It was a hot June 
day, with a temperature that was prob 
ably about 100° in the shade, and con- 
siderably over that in the white glare 
from bare rocks in the still air of this 
depression. By noon T had reached the 
far side of the hollow, weary, dis 
couraged and thirsty, longing for a re- 
turn to the shade of the ear and a deep 
draught of canned tomato (civilization’s 
vreatest gift to the Southwest ). 

But Witter hadn’t arrived. The task 
was not completed. So [ kept on along 
the wall of the amphitheatre, looking 
(but not too hopefully) for bone and 
(hopefully) for Witter around each 
eorner, 

Two o’¢lock. Still no Witter. This 
was really too much. I abandoned the 
search and struck back across the flat 
and through the mesquite for the ear. 

There, not more than a hundred yards 
from our starting point, the missing 
Witter sat, cool and happy, fitting to- 
gether pieces of bone. Within a few 
minutes of the time we parted he had 
come upon the place where the skull of 
a great amphibian, now broken into 
fragments, had lain. And he had spent 
the rest of the morning right there, 
searching for the pieces, large and small, 
Which had washed away from the spot 
and been buried in the gravels and clays 


nearby. When such pieces as could be 
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readily fitted in the field were put 
gether, we saw that we had a new 

of amphibian skull—and that this ; 
type was the long-sought-for Gra 

Bumps. 

Grandpa returned with us to thi 
oratory. <A few pieces of his skull 
dicated by hatched areas on the a 
panying photograph) had = apparen 
washed too far down the gullies for 
to find, but most of it was present, ; 
except for the tip of his snout we 


finally able to make out almost eve 
feature of his cranial anatomy; the « 
tails are given in a paper by Witter ai 


the writer in a recent number of 





Journal of Geology. The skull is near 


a vard in length and is, as far as | ; 


aware, the largest known amone Pale 


zoic amphibians. More important 
the fact that it proved, as we had ho) 
would be true, to be more primitive t] 
that of the typical Redbeds labry 
thodonts. Because of excellent pres 
vation (as contrasted with the imper! 


( 


tions of Carboniferous material), Edops 


ean thus boast of having the most pri 
tive of adequately known = amphibi 


skulls. From the well-preserved brau 
cease it proved possible to obtain an e: 
his 


cellent cast of the brain eavity. T 
has been deseribed in the Journal 


Comparative Neurology by Dr. T 


Kdinger and the writer. It appears t 


have enclosed a tvpe of brain l 


primitive than that of any living tet! 


pod and offers valuable clues as t 


course of brain evolution in land vert 
brates. Grandpa Bumps was a modes! 


and retiring animal: but at lone last 
did his bit toward the advanceme 


scrence, 


ALFRED SHERWOOD RoM 





